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PREFACE 


“He lives doubly who also enjoys the past.” 

Len Scammell (1924-1997). 

We looked for instruments of mass calculation in Iraq and surrounding regions and we found 
a mountain of evidence proving that the astronomical instrumentation that concerns us here 
started right there in Iraq in the 8 th and 9 th centuries. From there, it spread to all corners of 
the Islamic world where serious astronomy was practiced. We can document a thousand years 
of Muslim activity in this field, none of which ever did anybody any harm. 

In this book, I present materials for the history of astronomical instruments. It is well known 
that Greek astronomy was concerned with instruments for observation and for calculation, and 
that Europeans before the invention of the telescope were involved with the same kind of 
instruments. This missing chapter deals with instrumentation in the Islamic world during the 
period from the 9 th to the 19 th century. I wish I could have written a history of this activity, 
but I could not. If I had actually planned to publish this book, which I did not (see below), 
there are many topics that I would have wanted to include but that I have dealt with here only 
in passing. The reader will at least find extensive bibliographical references to treatments of 
such topics in other publications. 

My purpose in this volume is not only to portray the richness and variety of Islamic 
instrumentation, but also to present some examples of European instruments previously 
considered to be European inventions but which we now know had Islamic precedents. It is 
well known to specialists that medieval European instrumentation was highly indebted to the 
Islamic tradition. What only recent research has shown is that, in addition, virtually all 
innovations in instrumentation in Europe up to ca. 1550 were either directly or indirectly 
Islamic in origin or had been conceived previously by some Muslim astronomer somewhere. 
(This does not, of course, exclude the possibility of independent development.) Thereafter 
European science and instrumentation took off in directions undreamed of in Antiquity and 
the Middle Ages, whereas in Islamic civilization a science that was essentially still medieval 
continued to be practiced and was generally deemed adequate for the needs of the society. 1 

Colleagues concerned with Renaissance European instruments generally have no conception 
of this: for example, if a trigonometric grid appears on a 16 th -century English astrolabe, they 
attribute the innovative influence to Apian in early-16 th -century Germany rather than to a 
tradition that started with al-Khwarizml in 9 th -century Baghdad, thence to al-Andalus, thence 
via Latin translations to medieval Europe. I do not expect my findings to have much effect 
on Euro-centric science history. Besides, numerous problems result from the fact that our 
understanding of the transmission of ideas relating to instrumentation and actual instruments 
is still extremely limited. But at least colleagues may now be encouraged to enquire whether 


i 


On my use of the term “medieval” in the context of Islamic science see p. x to vol. 1. 
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this or that Renaissance innovation is indeed original. In many cases, we cannot rule out 
independent initiative anyway. 

Recently some 12 volumes of reprints of early studies of Islamic instruments were published 
in Frankfurt, a monumental total of over 5,000 pages. So the subject is not new, but its scope 
has not been generally appreciated. Historians of mathematical astronomy have tended to scorn 
astronomical instruments, not least because they have not cared for those of their colleagues 
who were impassioned by instruments. Their loss! Historians of Islamic art may never discover 
that the largest single corpus of signed and dated metalwork comprises astronomical 
instruments. L. A. Mayer’s valiant efforts to document astrolabists alongside other craftsmen 
(see below) have alas been wasted on our art-historian colleagues. In September, 2004, a 
conference entitled “Metals and Metalworking in Islamic Iran” was held at the Chester Beatty 
Library in Dublin. Scholars talked about pen-boxes and door-knockers and unfinished trays, 
but not about astrolabes. Since Iranian astrolabes are often more beautiful and more intricately 
worked than other metal objects, and not least because most of them are signed and dated, 
it is a disaster for the history of Islamic metalwork that they have suffered such neglect. 

The study of Islamic instrumentation based on textual sources began in France in the 19 th 
century and continued in Germany until in the early decades of the 20 th . Major contributions 
included: 

♦♦♦ Jean-Jacques Sedillot (pere ), Traite des instruments astronomiques des Arabes compose 
au treizieme sieclepar Aboul Hhassan Ali de Maroc ... , 2 vols., (Paris, 1834-1835), and 
Louis-Amelie Sedillot (fils), “Memoire sur les instruments astronomiques des Arabes”, 
(Paris, 1844), dealing with the monumental treatise on instrument construction and use by 
the late-13 th -century scholar Abu ‘All al-Marrakushl. 1 * 

❖ Joseph Frank, Zur Geschichte des Astrolabs, (Erlangen, 1920), on the history of non¬ 
standard astrolabes. 

♦♦♦ Karl Schoy, Gnomonik der Araber, (Berlin & Leipzig, 1923), on sundial theory. 2 

The study of actual instruments began in earnest also in the 19 th century, when various scholars 
published detailed descriptions of individual ones. Without wishing to ignore altogether various 
studies of the 17 th and 18 th centuries (now reprinted in Frankfurt—see above), mention should 
here be made of: 

❖ Frederic Sarrus, “Description d’un astrolabe construit a Maroc en Fan 1208” (Strasbourg, 
1853). 

❖ Franz Woepcke, “Uber ein in der koniglichen Bibliothek zu Berlin befindliches arabisches 
Astrolabium” (Berlin, 1855). 

♦♦♦ Bernhard Dorn, “Drei in der Kaiserlichen Offentlichen Bibliothek zu St. Petersburg 
befindliche astronomische Instrumente mit arabischen Inschriften” (St. Petersburg, 1865). 

♦♦♦ William H. Morley, Description of a Planispheric Astrolabe Constructed for Shah Sultan 
Husain Safawl... (London, 1856). 


'* On interest in Islamic science in Paris in the 19 th century see Charette, Orientalisme et histoire des sciences. 

2 On Schoy and his work on Islamic science see Ruska, “Carl Schoy”. 



PREFACE 


XI 


❖ idem, “Description of an Arabic Quadrant” (London, 1860). 

Studies of this calibre in the 20 th century were rare. I can think of only three: 

❖ Josef Frank and Max Meyerhof, “Ein Astrolab aus dem indischen Mogulreiche” 
(Heidelberg, 1925). 

❖ Ornella Marra, “Di due astrolabi ispano-moreschi conservati nel Museo di Capodimonte” 
(Naples, 1984). 

❖ Gisela Helmecke, “Das Berliner Astrolab des Muhammad Zaman al-Mashadl” (Berlin, 
1985). 

Various attempts have been made, at different levels, to document the available sources. I 
mention: 

♦♦♦ Robert T. Gunther, The Astrolabes of the World (Oxford, 1932). 3 
♦♦♦ Leon A. Mayer, Islamic Astrolabists and Their Works (Geneva, 1956). 4 
♦♦♦ Derek J. de Solla Price et al., A Computerized Checklist of Astrolabes (New Haven, Ct., 
1973). 5 

♦♦♦ Emilie Savage-Smith, Islamicate Celestial Globes—Their History, Construction, and Use 
(Washington, D.C., 1985). 

♦♦♦ Alain Brieux and Francis Maddison, Repertoire des facteurs d ’astrolabes et de leurs oeuvres 
(to be published by C.N.R.S. in Paris, but in December, 2004, still not ready for printing). 
The study of Islamic instrumentation has progressed in leaps and bounds in recent years, 
not least as a result of the fact that several hundred Islamic instruments have been catalogued 
in Frankfurt for the first time (see below) and numerous examples of particular sophistication 
or historical importance have been studied in detail. The subject has also been dealt with for 
the first time as a chapter in the history of Islamic astronomy in general and of astronomical 
timekeeping in Islamic civilization in particular. Also, we now study Islamic instruments in 
the light of the associated textual tradition, drawing on the hundreds of treatises in Arabic (and 
also Persian and, to lesser extent, Turkish) dealing with instrumentation that were compiled 
during the millennium of Muslim preoccupation with the topic. My first contribution to the 
subject was a collection of early studies reprinted in 

♦♦♦ Islamic Astronomical Instruments { London, 1987/1995). 

Whatever their failings, these studies at least had the virtue of considering instruments in the 
light of relevant texts. An overview that I prepared in 1991 appeared only in translation, and 
the original has been elaborated here (see X). This was: 

❖ “Strumentazione astronomica nel mondo medievale islamico” (Turin, 1991). 

The potential of Islamic and medieval European instruments as historical sources is described 
in: 


3 On the context of Gunther’s work in Oxford see Simcock, ed., Robert Gunther. 

4 On the context of this remarkable work, one of a series in which Mayer also documented Islamic glassmakers 
(1955), architects (1956), woodcarvers (1958), metalworkers (1959), armourers (1962) and stonemasons (not 
published?), see Mayer Memorial Volume, pp. xi-xxvii, with an obituary and list of publications. 

5 For Price’s publications on instruments see the list in the preamble to Xllb. 



❖ “Astronomical Instruments between East and West” (Vienna, 1994). 

This was appropriately addressed to colleagues in Islamic, Byzantine and Medieval Studies. The 
theme of our gathering was “ Realienkunde ” in the Middle Ages, one word for “the study of historical 
material objects” and something of an anathema to those many colleagues who believe that history 
is documented only in textual sources. 

In another study, I presented two remarkable 17 th -century Safavid instruments that had recently 
come to light: 

♦♦♦ World-Maps for Finding the Direction and Distance to Mecca—Innovation and Tradition 
in Islamic Science (Leiden, 1999). 

I attempted to show first that they did not fit into what we knew about contemporaneous 
instrumentation in Iran, second that they could only be understood in the light of earlier Islamic 
scientific achievements, and third that they bore not a trace of European influence. (On the early 
inspiration for the mathematics underlying the grids on these maps, see now Vile. My claims 
about the Islamic inspiration behind certain European instruments, such the universal horary 
quadrant ( quadrans vetus) and the universal horary dial (as on the navicula de Venetiis ) are now 
documented more fully in XEIa-b.) 

On three aspects of instruments, my investigations and descriptions are deficient. I refer first 
to two technological aspects of the objects: what they were made of, and how they were made. 
I never investigate the metallurgical composition of the instruments and seldom get involved 
with construction marks. Both topics are inadequately treated in the literature and alas no 
contribution to them is made here. Furthermore, I seldom get involved in detailed investigations 
of stellar positions indicated on instruments. For this we have a ground-breaking study: 

♦♦♦ Burkhard Stautz, Untersuchungen von mathematisch-astronomischen Darstellungen auf 
mittelalterlichen Instrumenten islamischer und europaischer Herkunft (Bassum (D), 1997). 
I occasionally refer to Stautz’s findings. I have not developed the means to myself investigate 
graphically or numerically the star positions, as Stautz did using modem stellar data adjusted 
for the epoch of the instrument or its precursors or, where appropriate, medieval data from 
the manuscript sources. (Elly Dekker has criticized aspects of Stautz’ methodology with regard 
to European astrolabes, and has published some more thorough investigations of a few 
instruments.) 

There is a very real sense in which a supplement to the present volume has already been 
published. I refer to: 

♦♦♦ Frangois Charette, Mathematical Instrumentation in Fourteenth-Century Egypt and Syria — 
The Illustrated Treatise of Najm al-Dln al-Misrl (Leiden, 2003). 

This is a text edition with translation and detailed analysis of a 14 ,h -century Egyptian treatise 
describing over a hundred instrument-types. Nothing like it has been published since Sedillot- 
pere produced his monumental translation of one-half of the treatise of al-Marrakushl (see 
above). I have not incorporated most of Charette’s findings regarding different kinds of Islamic 
instruments, which often go far beyond my own, so the reader of this volume would do well 
to have Charette’s work at hand. On the other hand, I have included a few illustrations from 
the Chester Beatty manuscript to encourage readers to acquire Charette’s book on this most 
remarkable discovery. 

Likewise, two new studies by Frangois Charette and Petra Schmidl take our knowledge of 9 th - 
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century astronomy in Baghdad a major step forward. Both include editions of texts never studied 
previously, with translations and informed commentary. I refer to: 

❖ “A Universal Plate for Timekeeping with the Stars by Habash al-Hasib: Text, Translation 
and Preliminary Commentary”, Suhayl 2 (2001), pp. 107-159. 

❖ “al-Khwarizm! and Practical Astronomy in Ninth-Century Baghdad. The Earliest Extant 
Corpus of Texts in Arabic on the Astrolabe and Other Portable Instruments”, SCIAMVS 5 
(2004), pp. 101-198. 

There are many more such texts awaiting serious study. 

I shall assume that the reader has at hand vol. 1 of this work, entitled The Call of the Muezzin 
(Leiden: E. J. Brill, 2004). In that I presented various studies (I-IX) dealing with timekeeping by 
the sun and stars and the regulation of the astronomically-defined times of Muslim prayer. In this 
volume, I begin with an overview of Islamic instrumentation, presenting detailed bibliographical 
about all previous studies (X). Then I present a rather curious history of an astronomical formula 
that was widely used in mathematical astronomy and astronomical instrumentation for over a 
thousand years, but which was previously virtually undocumented (XI). There follow two studies 
of universal horary quadrants and universal horary dials (Xlla-b). Studies of individual instruments 
of particular historical interest are included to show how much can extracted from them when 
they are examined closely (XIII-XV). Another study shows how much can be extracted from a 
group of instruments, this time, geographical information, either explicitly or implicitly featured 
on them (XVI). Another shows the potential of astronomical instruments to contribute to the 
history of Islamic art (XVII). Finally, I include an ordered list of early Islamic instruments to ca. 
1500 (XVIII), in the hope that others will be inspired to turn their attention to these rich historical 
sources. (Many other instruments dating from after ca. 1500 have been omitted, simply because I 
do not control them.) 

I actually never planned to publish this volume in this form. The studies now numbered X- 
XII were submitted to Brill in the Spring of 2003 along with I-IX, but it was found that the 
resulting book would be simply too large. It was decided to put I-IX in a first volume, already 
weighing 3 kg, and this was what was published under the title The Call of the Muezzin. This 
decision left X-XII for a rather small second volume. However, in the Spring of 2003, during the 
invasion and occupation of Iraq, I prepared a study (now XHIb) of the oldest known astrolabe, 
formerly housed in the Archaeological Museum in Baghdad. To include XHIb alone seemed 
unreasonable, so I rescued my descriptions (now XIIIc) of all early Eastern Islamic astrolabes 
from before ca. 1100, most of which were also made in Baghdad, from my unpublished catalogue 
of medieval Islamic and European instruments. Furthermore, during my sabbatical leave in the 
winter of 2003-04, and since various recent publications on astrolabes of particular historical 
importance were not easily accessible, I prepared XHId-e and XIV-XVIII for inclusion as well. 
I rather wish that I could have spent my sabbatical enlarging X into a real overview of Islamic 
instrumentation, but I found concentration hard after listening every morning to the news from 
Iraq and elsewhere. I could have gone on rehashing old materials or plundering my unfinished 
instrument catalogue, but then, in Marrakesh in March, 2004,1 was inspired by the words of my 
friend and travelling-companion Henry Spalding Schley III (Pensees inedites ): 

“To advance, sometimes one has to stop.” 

The reader must appreciate that these instruments are scattered in museums and private 
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collections all over the world, and the difficulties of conducting serious research on them will 
then be obvious. My research over the past couple of decades has been greatly facilitated by the 
generosity of certain major museums 6 and certain individual collectors. It is a pleasure to single 
out for special mention such splendid institutions as the Museum of the History of Science, Oxford; 
the Museo di Storia della Scienza, Florence; the National Museum of American History, 
Washington, D.C.; the Adler Planetarium, Chicago, Ill.; the National Maritime Museum, 
Greenwich; The British Museum, London; the Germanisches Nationalmuseum, Nuremberg; the 
Institut du Monde Arabe, Paris; the Museo Arqueologico Nacional, Madrid; and last, but by no 
means least, three small but very important collections: the Benaki Museum, Athens; the Chester 
Beatty Library, Dublin, and the Davids Samling, Copenhagen. 

Few museums have had the foresight to provide me with photographs free of charge. One that 
has is the Benaki Museum in Athens, and this I single out here for special mention and thanks. For 
the provision of photos I am grateful to all the institutions mentioned above and more besides, and 
especially to Jeremy Collins, formerly of Christie’s, South Kensington, and Jacques van Damme 
of Brussels. A special word of thanks is due to Dominique Brieux for giving me all the photos left 
over from the project associated with the Repertoire. 

The richest collections also merit my gratitude for unlimited access to their instruments: the 
Museum of the History of Science in Oxford and the Museo di Storia della Scienza in Florence. 
Other museums, where I was only allowed to inspect one instrument at a time, or where I was 
forbidden to work on the instruments at all, are better not named here. However, where there is a 
will, there is a way, and some the illustrations presented here stem from such collections as these. 
Some subtle hints can be found between the lines of the main text, and a careful examination of 
the credits will reveal that photos from some of these uncooperative museums have come my way 
from the most surprising quarters. On the other hand it should be mentioned that many museums 
are incapable of preparing decent photos of instruments. In the meantime, however, technological 
advances have made the acquisition of large quantities of photos something of an exercise in 
folly. 

In the past few years my long-term project to prepare descriptions of all medieval Islamic and 
European instruments has progressed and much that is new here is the result of the privilege of 
being able to inspect large numbers of instruments. That this project could get off the ground at all 
is due to the generosity of the German Research Foundation (Deutsche Forschungsgemeinschaft) 
in Bonn, which provided funding during 1992-96 (Islamic instruments) and 1998-2001 (European 
instruments). Much of the progress that was made in the early years was thanks to the participation 
of Kurt Maier (see the preamble to XVIII). It will still be a few years before any of this material 
gathered can be published although a sample is included here (XIIIc), as well as a partial table of 
contents of the potential catalogue (XVIII). Certainly, besides the need for further funding, one 
of the greatest problems has been the acquisition of adequate photographs of instruments. During 
the course of my research, technology has advanced so rapidly that it has left me behind. I am left 
with hundreds of black and white photos, many of inferior quality, and have yet to request from a 
single museum that they prepare digitalized images of any instrument. The illustrations presented 
here are from “old-style” black and white photos. I had to purchase a scanner and a new computer 


6 These are listed here more or less in order of their importance for the study of Islamic instrumentation. 
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to make copies for Brill. For years I have been working with computers that were constantly on 
the blink. 7 

To my wife, Patricia, my appreciation for her companionship in many ventures over close to 
35 years and her encouragement in this encounter with astronomical instruments, as well as her 
tolerance vis-a-vis yet another book that I had sort of promised I would not write. 

I am very grateful to the Hessisches Ministerium fur Wissenschaft und Kunst for sabbatical 
leave during the Winter Semester 2003-04. This enabled me to prepare this volume for publication 
in a very quiet place. 

My debt to the various scholars to whom the various parts of this volume are dedicated will be 
obvious to all who know their works. I mention here, in addition, two friends and colleagues who 
have devoted their lives to the history of instrumentation, namely, Anthony J. Turner and Gerard 
L’E. Turner. It has been my pleasure and privilege to collaborate with both of them over many 
years, and to profit from their expertise. 

My gratitude is also extended to all those members of my weekly instrument seminar in 
Frankfurt, with whom I have shared much of the material in this book at some stage or another: 
budding specialists in the history of Islamic science, Arabists and Islamicists, medievalists, general 
historians, archaeologists; high-school teachers of Mathematics or Physics; retired pharmacists, 
engineers, professors of Mathematics, and Lufthansa pilots; and even, on occasion, a few 
undergraduate students. All of them have contributed insights of one sort or another. Sven Ruhberg, 
in particular, has saved me on several occasions from blunders relating to technical matters. To 
Ryszard Dyga and Wolf-Dieter Wagner of the Frankfurt Institute and other nudama who cannot 
be named here, I extend my thanks for their willingness to get hold of materials and send them on 
to me in distant regions. Petra Schmidl valiantly corrected countless editions of the Arabic texts 
and achieved their final form. Wolf-Dieter Wagner kindly provided me with usable text from the 
originals of XHIe and XlVa, most of which he had to retype. Once again, Brill has done me 
proud, thanks to the labours of Trudy Kamperveen, Tanja Cowall, and—last but by no means 
least—Ciska Palm of Palm Produkties. 

As Francois Charette and several of my colleagues and students well know, the study of historical 
instruments is exciting but also contagious, and it is my hope that the present volume will generate 
further interest not only in Islamic instruments, but also in their medieval and Renaissance European 
counterparts. This volume is far from being the last word on Islamic instruments, and there is 
even more to be done on the European tradition. 8 In any case, I hope to have succeeded in 
demonstrating the importance of these splendid objects for furthering our understanding of both 
the history of astronomy and material culture in the Islamic world. 

7 Several colleagues with a sense of humour have much appreciated my previous accounts of problems with 
computers. These are in my Mecca-Centred World-Maps, p. xxi, The Ciphers of the Monks, p. 19, and the Preface 
to vol. 1, pp. xii-xiii. This time around I have less to report than before, save that when I returned to Frankfurt 
in April, 2004, from my sabbatical in France, my Frankfurt iMac crashed altogether with the latest version of 
this book. It would not even open. My French Mac wizard, Patrick Alison, told me over the phone that every 
time I open the computer I should hold down four keys simultaneously: it + option + P + R. (I wonder how 
many people on this planet know this!) I should continue using this procedure until my next visit to France 
in July, 2004, when he could repair it, and by which time the text should be with Brill. 

8 Anyone who would dispute this should look at the illustrations of Islamic instruments by Mustafa Sidqi (see 
n. 13 to V-10), and the illustrations of European instruments by Georg Hartmann (see XIIb-10). Neither the Cairo 
and Weimar manuscripts in which these occur have been published. The present volume, together with the first 
volume, contains just a few of these illustrations. 



STATEMENT ON PREVIOUS PUBLICATION OF PARTS OF THIS VOLUME 


Parts of this work have been published previously. They are included here because they are all 
essential to the overall picture provided by the ensemble of studies. They have been revised and 
brought into line with the other studies; in particular, the references and bibliography have been 
updated. 

General remarks: 

Parts XI, Xlla-b, XHIa-c, XEVd-g, XVII and XVIII have not been published previously in any 
form resembling their present one. 

Parts X and XlVb are here published in English for the first time. 

Remarks to specific sections of the second volume: 

❖ An Italian translation of an earlier version of Part X was published as “Strumentazione 
astronomica nel mondo medievale islamico”, in Gli strumenti, Gerard L’E. Turner, 
ed., Turin: Giulio Einaudi, 1991, pp. 154-189 and 581-585. The text has been 
considerably expanded here. 

❖ Part XI has not been published previously. 

❖ The section of Part XHa dealing with the Baghdad treatise has appeared separately as 
“A Vetustissimus Arabic Treatise on the Quadrans Vetus ”, in Journal for the History of 
Astronomy 33 (2002), pp. 237-255. 

❖ A summary of some sections of Part Xllb entitled “ 1 4 th -Century England or 9 th -Century 
Baghdad? New Insights on the Origins of the Elusive Astronomical Instrument Called 
Navicula de Venetiis ,, was published in Astronomy and Astrology from the Babylonians 
to Kepler—Essays Presented to Bernard R. Goldstein on the Occasion of his 65th 
Birthday, Peter Barker, Alan C. Bowen, Jose Chabas, Gad Freudenthal and Tzvi 
Langermann, eds., special issues of Centaurus 45 (2003) and 46 (2004), I, pp. 204- 
226. 

❖ Part XIHa has been substantially modified from the materials in “The Neglected 
Astrolabe”, in Mathematische Probleme in Mittelalter—Der lateinische und arabische 
Sprachbereich, Menso Folkerts, ed., Wiesbaden: Harrassowitz, 1996, pp. 45-55 
(Islamic), and The Ciphers of the Monks — A Forgotten Number Notation of the Middle 
Ages, Stuttgart: Franz Steiner, 2001, pp. 359-379 (European). 

♦♦♦ Part XHIb has not been published before. 

❖ Most of Part XIIIc is taken from my unpublished catalogue of medieval Islamic and 
European instruments. The descriptions of the Kuwait astrolabes of Nastulus and al- 
Khujandl, taken from the same source, were published in “Early Islamic Astronomical 
Instruments in Kuwaiti Collections”, in Arlene Fullerton & Geza Fehervari, eds., 
Kuwait: Art and Architecture—Collection of Essays, Kuwait (no publisher stated), 1995, 
pp. 76-96. 



STATEMENT ON PREVIOUS PUBLICATION 


XVII 


A modified version of Part XEIId was published as “A Remarkable Italian Astrolabe 
from ca. 1300—Witness to an Ingenious Tradition of Non-Standard Astrolabes”, in 
MUSA MUSAEI: Studies on Scientific Instruments and Collections in Honour of Mara 
Miniati, Marco Beretta, Paolo Galluzzi and Carlo Triarico, eds., Florence: Leo S. 
Olschki, 2003, pp. 29-52. 

Part XHIe is modified from “The Origin of the Astrolabe according to the Medieval 
Islamic Sources”, Journal of the History of Arabic Science (Aleppo) 5 (1981), pp. 43- 
83, repr. in Islamic Astronomical Instruments, London: Variorum, 1987, repr. Aldershot: 
Variorum, 1995, III. 

Part XlVa is modified from “The Medieval Yemeni Astrolabe in the Metropolitan 
Museum of Art in New York”, Zeitschrift fiir Geschichte der arabisch-islamischen 
Wissenschaften (Frankfurt) 2 (1985), pp. 99-122, and 4 (1987/88), pp. 268-269 
(corrections). Appendix A is new, and Appendix B is modified from a review in Yemeni 
Update 44 (2002), available on the Internet at www.aiys.org/webdate/afdking.html. 
A French version of Part XlVb was part of my contribution “L’astronomie en Syrie a 
Tepoque islamique”, to the exhibition catalogue Syrie—memoire et civilisation, Sophie 
Cluzan, Eric Delpont and Jeanne Moulierac, eds., Paris: Flammarion (Institut du Monde 
Arabe), 1993, pp. 386-395 and 432-443. The description of the astrolabic plate of al- 
Wada c ! appeared already in my Islamic Astronomical Instruments, London: Variorum, 
1987, repr. Aldershot: Variorum, 1995, VIII. The description of the Damascus ceramic 
qibla-bowl is taken from my World-Maps for Finding the Direction and Distance to 
Mecca: Innovation and Tradition in Islamic Science, Leiden: E. J. Brill, and London: 
Al-Furqan Islamic Heritage Foundation, 1999, pp. 110-114, 168-170, and 478-480. 
The descriptions of various other instruments are taken from my (incomplete and 
unpublished) catalogue of Islamic instruments to ca. 1500. 

Part XIVc is adapted from “The Monumental Syrian Astrolabe in the Maritime 
Museum, Istanbul”, in Aydin Sayili Ozel Sayisi, I-III, a special issue of Erdem (Ankara: 
Atatiirk Kiiltiir Merkezi), in three parts (9:25-27), Ankara: Turk Tarih Kurumu Basimevi, 
1996-1997, II, pp. 729-735 and 10 pis. 

Part XlVd has not been published previously. 

Part XlVe is modified from a version submitted to a Festschrift for Professor 
Ekmeleddin ihsanoglu, Istanbul, currently in press. 

Part XlVf has not been published previously. 

Part XlVg is based on my descriptions prepared for Christie’s of London ( Christie’s 
London 04.10.1995 Catalogue, pp. 20-21, lot 61 (rete), and Christie’s London 
05.04.2001 Catalogue, pp. 43-45, lot 32 (mater)). 

Part XV was first published as “An Astrolabe from 14 th -Century Christian Spain with 
Inscriptions in Latin, Hebrew and Arabic—A Unique Testimonial to an Intercultural 
Encounter”, Suhayl—Journal for the History of the Exact and Natural Sciences in 
Islamic Civilisation (Barcelona) 3 (2002/03), pp. 9-156. 

Part XVI was first published as “Bringing Astronomical Instruments back to Earth— 
The Geographical Data on Medieval Astrolabes to ca. 1100”, in Between Demonstration 
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and Imagination: Essays in the History of Science and Philosophy Presented to John 
D. North , Arjo Vanderjagt and Lodi Nauta, eds., Leiden: E. J. Brill, 1999, pp. 3-53. 
[This new version omits two significant errors in the original, identified in the 
preamble.] 

❖ Part XVII is considerably expanded from the appendix “The Quatrefoil on Medieval 
Astrolabe Retes” to The Ciphers of the Monks—A Forgotten Number Notation of the 
Middle Ages, Stuttgart: Franz Steiner, 2001, pp. 380-390. 

❖ Part XVIII has not been published previously, and has been fixed up from the raw 
version available at: www.uni-frankfurt.de/fbl3/ign/instrument-catalogue.html. 

Some of the studies in their original manifestations suffered in ways that colleagues should read 
about, so that they can plan ahead when submitting papers to editors and/or publishers. * 1 2 3 4 


1 In one case, the editors requested bibliographical citations in the footnotes and then themselves extracted the 
bibliographical information from the footnotes to include in a separate bibliography, without much thought for the 
order of the entries. In another, a separate bibliography was provided by this author, as required by the format of the 
journal in question, but the editors changed their minds, and themselves inserted the bibliographical information 
into the footnotes, without any feeling for the rather sensitive nature of the abbreviations used, and introducing new 
(and often absurd) abbreviations for second citations. My favourite was “The Earliest European”. In yet another 
study, the editors removed the star-names from the text and put them in footnotes. Publishers are very careless about 
returning illustrations, and one usually has to demand their return. In one case, I realized that I was missing a 
complete set of photos only when I needed them for this volume. Fortunately, I still had the negatives. One should 
never let editors or publishers decide what is important: one team made the illustration of an astrolabe “horse” 
larger than the illustration of the back of the astrolabe itself. 

I have had worse problems with other articles not presented here. My favourites were: 

(1) A bibliographical essay on the history of sundials in which I referred to numerous sources in the text by 
abbreviations identified in the bibliography: an over-zealous editor removed the abbreviations, but only from the 
bibliography, rendering havoc to the order. The printers were persuaded to reprint the text from my original version. 

(2) An essay on instruments in some conference proceedings (UCLA, Los Angeles, 1999) in which the printer 
rendered half of each of the long vowels as a different long vowel. How he achieved this confusion is beyond me. In 
any case, every one of the many long vowels in the text had to be controlled and changed by hand. The article was 
already out-of-date when it was published in 2004. 

(3) An essay on Islamic astronomy in other conference proceedings (TU, Berlin, 1998) for which the editors sat 
on the text for years, and then demanded that I prepare immediately a German version because the proceedings 
would be published both in Germany and the US. This offer, made in the middle of a sabbatical, was refused. 

(4) Last, and worst, was the article on “Science in the Service of Islam” that I was invited to submit to UNESCO’s 
scientific journal impact of science on society in 1991, and which was to have appeared in various languages. First, 
citing reasons of space, the editors removed all of the direct quotes from the Qur'an and the (Sunni and Shl c l) 
hadith. This enabled the person who was entrusted with the preparation of an Arabic translation to add a series of 

footnotes to the effect that “the author does not seem to know that in the Qur'an .”. The translator further did not 

recognize one hadith I had cited, which happened to be a Shl c I hadith (and had been clearly identified as such in my 
original paper), and he consequently accused me of fabricating it! He also converted all dates in my text as though 
they were Hijra dates, so that Cairo became founded in 969 H or 1561. The disastrous Arabic translation was 
fortunately withdrawn and never published. For these reasons, the first account of “Science in the Service of Islam” 
appeared in English, French, Portuguese, Chinese and Korean, and since then also in German, Italian and Persian, 
but not in Arabic. 
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Library, 13), New York: Random House & The L. W. Singer Company, 1964. 

— , Episodes , B: idem, Episodes from the Early History of Astronomy, New York, Berlin, etc.\ Springer, 2001. 
Aaboe Festschrift : From Ancient Omens to Statistical Mechanics : Essays on the Exact Sciences Presented to 
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Najaf, later Tehran, 1965-1978. 

Aguiar Aguilar, Tratado de Ibn Mas c ud : Maravillas Aguiar Aguilar, Risalat Kayfiyat al-sayb fi l- c amal bi-l-jayb 
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Aguiar & Marrero, Sexagenarium : eadem and Jose Antonio Gonzalez Marrero, Un texto valenciano del siglo XV: 
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first publ. Paris, 1893, 2 nd edn., Algiers: Bibliotheque Nationale d’Algerie, 1995. 
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Ibn Zaydun, 1935-1962. 
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(Comune di Lenno, Biblioteca Comunale Vittorio Antonini, Quademo n. 3), 2002, pp. 115-121, and fig. 18 
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IX: Pintura gotica, by Jose Gudiol Ricart, 1955. 
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pp. 21-55. 
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DEDICATION, 

ACKNOWLEDGEMENTS AND NOTES TO THIS VERSION 


This study is dedicated to my father, Henry C. King, on the occasion of his 90 th birthday, March 
9 th , 2005. When he was thirteen years old, his father gave him a copy of Hutchinson’s Splendour 
of the Heavens, a newly-published large and serious volume on popular astronomy. This spelled 
eventual doom for my grandfather’s baking business, since it marked the beginning of my father’s 
life-long interest in astronomy. With a gargantuan effort that was remarkable even in those days, 
he earned the BSc, MSc and PhD degrees by participating in correspondence courses at the 
University of London, writing his doctoral thesis under the extremely difficult conditions of the 
time. His first career was in ophthalmic optics, but then in the 1950s he turned to planetaria, 
directing first the one in London, then the one in Toronto. 

At age 13 he sketched a young lad pointing a telescope towards the moon, and at age 18 he 
drew the splendid 6-foot reflecting telescope erected by the Earl of Rosse at Parsonstown in 
Ireland (see Figs. 1-2). 


Fig. 1: Rarely can a teenager’s fancy develop into a life-long 
passion. 

Fig. 2: The walls of the “Leviathan of Parsonstown”, erected 
during 1842-44, are some 20 metres high, and attempts to use it 
for meridian observations under an Irish sky were not very 
successful (see Henry King, The History of the Telescope, pp. 
210-216). I include this picture here not least to point out that the 
early-15 th -century meridian sextant of Ulugh Beg (see Fig. X- 
2 . 1 ) was 40 metres in radius, and that also Muslim scholars had 
problems with unduly large instruments. [Photo courtesy of Gunter 
Gloth.] 
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This passionate interest in telescopes, and later, also astronomical clocks, was to manifest itself in 
two monumental works, each the first on their subject: 

♦♦♦ The History of the Telescope, London & New York: Charles Griffin, 1955, repr. New York: 
Dover Publications, Inc., 1979. This was developed from his doctoral thesis. 

♦♦♦ Geared to the Stars—The Evolution of Planetariums, Orreries, and Astronomical Clocks 
(in collaboration with John R. Milbum), Toronto, Buffalo, N.Y. & London.: University of 
Toronto Press, 1978. 

My father was also inspired to write numerous more general publications, of which I mention just 
two: 

♦♦♦ The Background to Astronomy, London: C. Watts, 1956, repr. New York: G. Braziller, 
1958. 

♦♦♦ Exploration the Universe: The Story of Astronomy (from the Astrolabe to the Radio 
Telescope), London: Seeker & Warburg, 1964. [Words in brackets only on the dust-jacket.] 
But his interests also lay elsewhere, and in the 1980s he prepared two book-length monographs 
that never appeared in print because, upon his retirement to England, he found no interested 
publishers: 

♦♦♦ Last Things. Ideas of End-Events, Natural and Divine, a cross-cultural approach to death 
and resurrection; and 

❖ Aspects of Time, a cultural history of Western attempts to deal with the notion of time. 

One of the chapters of my father’s Background to Astronomy (1956) is entitled “Muslim 
Torchbearers”. It is an honest attempt to bridge the gap between classical astronomy and medieval 
and Renaissance European astronomy, which, I suspect, most general historians of astronomy 
would still regard as adequate. Years ago, when he was visiting us in Cairo, my father said to me 
that if one had a clock, one would not need any of the numerous tables that I had found in the 
Egyptian National Library and elsewhere, and which I eventually described in the first volume of 
this work. To this, at the time, I could only respond that if one had the tables and an astrolabe, one 
would not need a clock. He would also favour a clock over an astrolabe or any of the other 
instruments I describe here in this volume. But without my father, there would be neither of these 
volumes, and no contribution from me in Astronomy before the Telescope (London, 1996). For 
this and for much more, I am profoundly grateful. 

The first version of this paper was developed from some preliminary remarks published as 
“Astronomical Instrumentation in the Medieval Near East”, in my Islamic Astronomical 
Instruments, London: Variorum, 1987, I. It was published as “Strumentazione astronomica nel 
mondo medievale islamico”, in the richly illustrated volume Gerard L’E. Turner, ed., Gli 
strumenti, Turin: Giulio Einaudi, 1991, pp. 154-189 and 581-585. A summary in English 
appeared as “Some Remarks on Islamic Astronomical Instruments”, Scientiarum Historia 
(Brussels) 18:1 (1992), pp. 5-23. 

In this new version I have inserted references to various instruments that have come to light 
in the past ten years and have updated the bibliography. There are still insufficient references 
to Charette, Mamluk Instrumentation, which is an indispensable companion to this essay. Inevi¬ 
tably, some of the material on astrolabes and quadrants is duplicated in XIHa. I have changed 
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the illustrations in the first version, moving some, especially Abbasid and Mamluk instruments, 
to other parts of this book (see now XHIb-c and XlVb). I have resisted the temptation to include 
more than a few references to medieval and Renaissance European instruments that were highly 
indebted to the Islamic tradition. Eventually, perhaps, this essay should be expanded into a 
separate book into which these influences are clearly described. 
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CHAPTER 1 


INTRODUCTORY REMARKS 


“Instruments are the preferred icons of science. In the history of Eastern and Western art, 
astronomical instruments almost invariably accompany representations of astronomers and 
astrologers, who may be portrayed holding an astrolabe, standing next to a globe or an armillary 
sphere, or performing an altitude measurement through the sights of parallactic rulers or an 
horary quadrant. In Islamic art and literature, the astrolabe had a pre-eminent status, as it 
symbolized and embodied the science of astronomy and, perhaps even more, astrology. ... 
... .” Frangois Charette, Mamluk Instrumentation (2003), p. 3. 

“It is a pity that so many modern historians and philosophers of modern science seem to be 
“born-again” theoreticians. They miss that sense of the craft of experimental science that 
would have come to them from experience at the bench. Too often they suppose that science 
is a department of intellectual history and that the only role of experimentation is to confirm 
(or, with Popper, to falsify) a succession of theories. Worse still, the devices used for this 
testing are awarded even less significance and are assumed to have evolved over the centuries 
from simple instruments of measure.” Derek de Solla Price, “Instruments of Reason” (1981), 
p. 15. 

“Text-based outlines can foster distortions ....” Valerie Flint, “Astrology in the Middle Ages” 
(1990), p. 23. 

Our knowledge of astronomical instrumentation in the Islamic world between the 8 th and 19 th 
centuries is derived essentially from two main sources: 

(1) the instruments which survive in various museums and private collections around the 
world, and 

(2) the treatises on the construction and use of instruments which are preserved in manuscript 
form in libraries mainly in Europe and the Near East. 

The surviving Islamic instruments are legion, over 600 astrolabes, over 150 celestial globes, 
and a few dozen each of quadrants and sundials, although most postdate the creative period 
of Islamic science that lasted from the 8 th to the 15 th century. To understand these instruments 
one has to learn their language: only a minority of the scholars who have written on instruments 
know this language. It is not difficult to identify this small subgroup: they are invariably authors 
of detailed descriptions of instruments. (The others can be safely classified as those who have 
never actually published an instrument.) A few of these instruments survive only in European 
examples. The texts exist in similar profusion, and not a few of these were compiled during 
the early period of Islamic science. Again, without the necessary languages there is no access 
to these primary sources, unless they have fortuitously been translated into a language one can 
read. Some texts describe instruments far more interesting than the standard astrolabe or 
quadrant or sundial, and of which there are no surviving examples. Many more manuscripts 
have yet to be uncovered in the various uncatalogued collections of Arabic, and also Persian 
and Turkish, scientific manuscripts, particularly those in libraries in the Near East and India. 
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PART X, CHAPTER ONE 


Also some texts in Latin and/or medieval European vernaculars describe what are essentially 
Islamic instruments in European guise. 

To understand the function of some of these instruments it is necessary to grasp only a few 
basic astronomical notions: for more details than those presented here see I-1.1-2. It is 
convenient to consider the heavens fixed as on a sphere about the observer. The celestial sphere 
appears to rotate about a celestial axis once in a day-and-night. The altitude of the (northern) 
celestial pole above the horizon is the same as the latitude of the locality on the terrestrial 
sphere. The meridian is the great-circle passing through the celestial pole and the zenith, the 
point directly above the observer; the meridian defines the north and south points on the local 
horizon. The celestial equator is the great-circle perpendicular to the celestial axis, and it passes 
through the east and west points of the horizon. Celestial bodies appear to traverse the sky 
on small-circles parallel to the celestial equator. The great-circle perpendicular to the meridian 
and passing through the east and west points is called the prime vertical. The altitude of any 
celestial body above the horizon and its direction around the horizon, called azimuth, can be 
measured directly. 

The sun appears to move against the background of the fixed stars during the course of 
a year: its path, called the ecliptic, is inclined to the celestial equator at an angle of about 
23 V 2 °, called the obliquity. This angle decreases perceptibly over the centuries. The moon and 
planets appear to move along the ecliptic (in the direction opposite to that of the apparent daily 
rotation of the celestial sphere) but they, unlike the sun, also wander from side to side of it. 
To find the positions of the sun on the ecliptic or of the moon and planets with respect to it, 
the ancients developed mathematical models, either arithmetical or geometrical. The so-called 
fixed stars also move parallel to the ecliptic perceptibly over the centuries with a motion known 
as precession. It was necessary to determine their positions for a specific epoch and update 
star catalogues from time to time. Celestial coordinates were measured either with respect to 
the ecliptic (longitude and latitude) or with respect to the celestial equator (right ascension and 
declination). 

Knowing the position of the celestial body in a celestial coordinate system and being able 
to measure its position relative to the horizon enables one to determine the time, in fractional 
units of the day-and-night interval, defined either as 24 hours or 360°. In Antiquity and in the 
Islamic Middle Ages, time was also measured in seasonal hours, twelfth divisions of the length 
of day or night; these seasonal hours have the disadvantage that they vary from one latitude 
to another and change in length throughout the year. Also one can determine the instantaneous 
position of the ecliptic relative to the horizon, thought to have been of influence on the affairs 
of men. 

It is convenient to distinguish between two main categories of Islamic instruments, namely, 
observational and non-observational instruments. Those instruments used by Muslim astrono¬ 
mers for observations followed closely in the tradition of the devices described by Ptolemy 
of Alexandria (fl. ca. 140 A.D.): the armillary sphere, a physical representation of specific 
astronomically-significant circles on the celestial sphere, such as the horizon, the meridian, 
the celestial equator and the ecliptic; the mural quadrant, for measuring the meridian altitudes 
of celestial bodies; and the parallactic ruler, for measuring the zenith distance of a celestial 
body. 
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Instruments whose primary function was not observational are mainly for solving problems 
of spherical astronomy, the mathematics of configurations on the celestial sphere about the 
observer. The main problems are related to timekeeping, using the risings and settings of the 
sun and stars over the local horizon, or more commonly, the culminations of the sun and stars 
across the local meridian. Such instruments include: 

(1) the celestial sphere—a model of the universe in which the sun and stars are represented 
on a sphere that can rotate about the celestial axis, so that risings and settings can be 
simulated over any horizon; 

(2) the “analogue computer” known as the astrolabe for representing—in two dimensions 
rather than three—the positions of the sun and the fixed stars with respect to the local 
horizon; 

(3) mathematical grids like the trigonometric quadrant for obtaining numerical solutions to 
problems of trigonometry without calculation, and 

(4) sundials and other devices for measuring the time of day by means of shadows. 
Another variety of Islamic instrument was: 

(5) the equatorium, a device for determining planetary positions according to geometric 
models of the Ptolemaic kind for the sun, moon, and planets. 

With the exception of the trigonometric grids and numerous instruments in the form of 
quadrants, these instruments were known to the Muslims from Greek sources. However, what 
the Muslim astronomers did with them constitutes a colourful chapter in the history of 
astronomy. For some examples, see Figs. 1.1-8, inserted here for technical reasons. (The 
explanations are sometimes very complicated and may not be digestible until the reader has 
worked through the rest of this study.) 

Treatises on the construction and use of various instruments abound, but only a few have 
been published. The two major Islamic treatises on instrumentation were: 

(1) The Kitdb al-Mabadi wa-’l-ghayat fl Him al-miqat, meaning something like “An A to Z 
on astronomical timekeeping”, by the Maghribi astronomer Abu c All al-Marrakush! (Cairo, 
ca. 1280), dealing with all of the standard instruments of his day, and including a detailed 
survey of spherical astronomy with numerous tables, as well as a series of texts culled 
from earlier sources on the use of different instruments. This treatise was investigated by 
the Sedillots pere et fils in Paris in the mid 19 th century and again by Carl Schoy in the 
early decades of the 20 th century. 

(2) An anonymous untitled treatise that can be attributed to Najm al-Dln al-Misri (Cairo, ca. 
1325), in which he describes and illustrates over 100 types of instruments known to him, 
some invented by himself. This treatise, discovered only 20 years ago, is full of surprises, 
and Francois Charette has recently published a model edition with translation and 
commentary. 

See below on other works of consequence on instrumentation by such personalities as Habash 
al-Hasib (Baghdad, 9 th century) and Abu Ja c far al-Khazin (Baghdad, 10 th century). 

No detailed overview of Muslim achievements in astronomical instrumentation exists. From 
the 19 th century we have several detailed and highly competent descriptions of individual 
instruments, which alas had few counterparts in the 20 th century. These early writings are now 
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Fig. 1.1: An artist’s view of the astronomers and their instruments at the Istanbul Observatory in the late 16 th 
century. The director, Taqi T-Dln, is depicted holding a standard astrolabe, and most of the other instruments 
are well known. However, many far more interesting instruments are described in Arabic manuscripts, such as 
those stacked horizontally on the upper right. These manuscripts are now in the University Library in Leiden. 
[From MS Istanbul UL Yildiz 1404, courtesy of Istanbul University Library.] 
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Fig. 1.2: In this miniature from a 15 th -century copy of the five epic poems known as Khamsa or Panj ganj, “Five 
Treasures”, of the celebrated 12 th -century poet and thinker Hakim Nizami Ganj awl, an astrologer is determining 
the time of day to see whether the hour is propitious for Iskandar (Alexander), appropriately shown on an 
elephant, to engage in battle. The astrologer would have needed more than an astrolabe to make an appropriate 
pronouncement, unless he had a whole corpus of astrological lore in his head. But astrologers also had their 
own futures in mind. The prediction of Taqi T-Dln made in Istanbul in 1577 on the basis of the appearance 
of a comet, namely, that the Ottomans would be victorious over the Safavids, turned out to be wrong, and, as 
a direct consequence, the observatory so carefully erected by the astronomer—see Fig. 1.1 —was razed to the 
ground. Here, as in the miniature of the observatory, the astrolabe is symbolic of the astronomer-astrologer’s 
profession. It was beyond the artist to depict more than a blank plate (saflha), albeit appropriately held with 
a cord attached to the throne. [From MS Istanbul TIEM 1939, courtesy of the Turk ve Islam Eserleri Muzesi. 
On Nizami Ganj awl see the splendid article in EI 2 by Peter Chelkowski. On the context see also Saliba, “The 
Astrologer in Islamic Society”.] 
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Fig. 1.3: Islamic instrumentation reached remarkable levels of sophistication, which is best appreciated from the 
instruments of al-Wasitl and al-Khujandl in the 10 th century and Ibn al-Sarraj and Ibn al-Shatir in the 14 th . Here, a 
detail of the markings on one of the plates in the magnificent astrolabe of Ibn al-Sarraj (#140). Four latitudes are 
represented on each plate, and the astrolabic markings have been folded over so that each set fits in a quadrant. It 
took some years to figure out how some of the highly complicated markings on this instrument were to be used. 
[Courtesy of the Benaki Museum, Athens.] 














INTRODUCTORY REMARKS 


17 



Fig. 1.5: Another astrolabe with decorative rete made by Muhammad ibn Hamid al-Isfahanl in the late 12 th century 
(#1211). This is not yet published, but at least the art historical aspects of the rete have been studied: see Muller- 
Wiener, “Das Astrolab des Muhammad b. Hamid al-Isfahani”. [Courtesy of the Archaeological Museum, Tehran.] 


i — 

Fig. 1.4: The Muslims transformed astronomical instruments into scientific works of art. Here, the spectacular 
London astrolabe with a zoomorphic rete made by c Abd al-Karlm al-Misrl in Damascus in the early 13 th century 
(#104). This is the sole surviving complete astrolabe by this maker; a solitary rete survives in Oxford (#103). Both 
of these pieces, already known to Gunther, merit a detailed new study, but researchers will fight shy because the 
signature and date on the first instrument have been tampered with, and the second instrument is incomplete. [From 
Gunther, Astrolabes , I, pi. LV, opp. p. 236; object in the British Museum.] 






18 


PART X, CHAPTER ONE 



Fig. 1.6: This splendid ivory quadrant was made in Cairo or Damascus in 741 H [= 1340/41] by Taqi T-Dln Abu 
Tahir (#5009), otherwise known to us as the author of some treatises on a universal quadrant ( Cairo ENL Survey , 
no. C56). It bears astrolabic markings for two different latitudes. The inner markings are standard, with a pair of 
arcs representing the ecliptic, and are for latitude 30°, serving Cairo. The outer ones are folded over, with a single 
arc for the entire ecliptic, and they are for latitude 33°, serving Damascus. (The latter markings are called musattar : 
see Charette, Mamluk Instrumentation , pp. 86-87.) It is not known in which of these cities the maker was active. 
Within these markings is a traditional (since the 9 th century) combination of a universal horary quadrant and shadow 
square. The other side bears a sexagesimal trigonometric grid: see Fig. 6.1.3. The instrument well reflects the 
ingenuity of the astronomers of Egypt and Syria during the Mamluk period, especially in the late 13 th and 14 th 
century. Astronomers in Europe at that time would not have known what to make of this piece, let alone how to use 
it. There is another quadrant by Abu Tahir (#5010), this time in wood, in the Chester Beatty Library, Dublin; it is 
alas very discoloured and difficult to reproduce: see Figs. V-9.3 and XI-8.2e. After working on Mamluk instruments 
and instrument texts for 30 years, I still do not know what to make it or how it works. [Courtesy of the Benaki 
Museum, Athens.] 



Fig. 1.7: This instrument well illustrates the dilemma of Islamic science and its ultimate fate. It is an Ottoman qibla 
indicator from ca. 1800 with a magnetic compass attached (#8022) and it is signed by one Muhammad Tzz al- 
Sabbagh. One should align the instrument with its diameter true east-west and then turn the pointer to the appropriate 
qibla. For the latter purpose, some 36 divisions of the world around Mecca are identified in the diagram underneath 
the compass, defined according to the Islamic folk tradition of “sacred geography” (see VIIa-2). The directions 
defined by these sectors bear little relation to the qiblas of those localities that could be (and had been) computed 
with an accurate mathematical formula, known since the 9th century, using available geographical data. And just in 
case, there is a “universal qibla niche” ( mihrab afaqi ) on the meridian “for all latitudes”, a reminder that south was 
sometimes used for the qibla from one end of the Islamic world to the other. Now this primitive scheme is associated 
with a highly sophisticated and carefully executed transversal scale that serves to measure angles with greater 
accuracy than with a regular scale. This scale was probably inspired by a similar one on a Renaissance European 
instrument, for the fact that al-Sijzl ca. 990 had proposed a transversal scale had been long forgotten, and I am not 
aware that he was quoted by any later Muslim astronomer. Also, the compass (with a deviation of about 15°) looks 
as if it is of European inspiration. Ottoman astronomers were probably unaware that the magnetic compass was 
described in Arabic texts in Egypt and the Yemen ca. 1300, although texts were available to them on the first 
measurements of the deviation by Tzz al-Dln al-WafaT in Cairo ca. 1450. This instrument has been studied in 
Chidyaq, “Indicateur de Qibla”. [Courtesy of the Institut du Monde Arabe, Paris.] 
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Fig. 1.8: The Egyptian astronomer Najm al-Dln al-Misrl (< ca . 1325) presented descriptions and illustrations of over 
100 different instrument types known to him or invented by him. One of his descriptions of one of the latter is 
particularly remarkable, indeed brilliant. It is an horary quadrant fitted with azimuth curves (his term musammat 
means just that). Essentially the markings display the solar altitudes and the solar azimuths as functions of time 
since sunrise and solar declination. A table is provided, and this and the illustration serve latitude 36°, a value 
favoured for didactic purposes (the middle of the 4 th climate, that is, the middle of the inhabited part of the earth). 
Najm al-Dln informs us that two examples were made in brass, presumably for the latitude of Cairo, by a certain 
Muhammad ibn al-SaTh, otherwise unknown to us, and sold after his death. He clearly devised this quadrant in his 
early years, for his treatise shows signs of him loosing the thread. Najm al-Dln’s treatise is now published by 
Frangois Charette: on this instrument, see his Mamluk Instrumentation, pp. 137-139, also pi. 18 on p. 422. [From 
MS Dublin CB 102, fol. 96v, courtesy of the Chester Beatty Library.] 
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all reprinted thanks to the foresight of Professor Fuat Sezgin of Frankfurt, but the reprints were 
not published in sufficient numbers (80 copies?) and were very soon out of print, scattered 
mainly in places where there is no interest in instruments anyway, let alone in serious 
scholarship; thus these volumes are not necessarily to be found in the major research libraries. 
The quality of the illustrations in these early writings was generally far better than in 
publications of the late 20 th century. Another problem in this field is that—as in the Middle 
Ages—knowledge has not been cumulative. Even instrument specialists have forgotten what 
it means to “publish” an instrument: it means to present appropriate illustrations and a detailed 
description stressing what the piece contributes to our knowledge of the field or posing 
questions for others to address. And too often the instruments have been at the mercy of those 
interested only in inscriptions rather than astronomical markings. New publications on 
individual astrolabes, for example, are of no particular interest or value unless the instruments 
differ wildly from others described in previous publications. Likewise, modem works that 
present impressive but uncritical bibliographies on individual instruments tend to forget to 
mention either when and where the instrument was first published or that, in spite of dozens 
of honourable mentions, the instrument has in fact never been properly “published” at all. 

Our knowledge of Islamic instrumentation took a significant step forward with the 
publication of Robert Gunther’s Astrolabes of the World in 1932. But Gunther was not an 
Arabist and could not read the inscriptions on the Islamic astrolabes he surveyed; furthermore, 
he was poorly advised by the Arabists at Oxford, whom he consulted on occasion. This had 
many unfortunate consequences, but the worst was that historians thought he had exhausted 
the field, and his work has been neither corrected nor updated. Until recently the only 
descriptions of a few of the available instruments were scattered in learned journals; also many 
important textual sources are still available only in manuscript form. However, there is currently 
some scholarly and public interest in this subject, much of which goes back to the insights 
and aspirations of Derek de Solla Price, who ca. 1970 set about taking stock of all known 
astrolabes (about three times the number known to Gunther). Witness, for example, the first 
survey of Islamic celestial globes by Emilie Savage-Smith (published in 1985); the long- 
awaited Repertoire of Islamic astrolabists and their works by the late Alain Brieux and Francis 
Maddison (in press); and my own catalogue of Islamic (and also early European) astrolabes, 
quadrants and sundials up to ca. 1500 (still in preparation). Some of the best descriptions of 
instruments have been published so far only in auction catalogues of Christie’s and Sotheby’s. 

In this brief overview, I shall illustrate the rich variety of material that will have to be included 
in the first history of Islamic instrumentation when it is eventually written. I deliberately stress 
the associated textual tradition, which has generally been overlooked by most scholars who 
have written on Islamic instruments in the past. On the other hand, some colleagues tend to 
think that all that is important about astronomical instrumentation is texts on the construction 
and use of the instruments, and so they tend to ignore the instruments themselves. Some of 
these colleagues are under the false impression that instrument-makers went “by the book”; 
in fact the craftsmen showed a great deal of imagination, and some of their modifications to 
standard instruments are not documented in any known texts. The reader should also bear in 
mind that it is a somewhat risky business to consider the development of Islamic instrumen- 
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tation apart from the general development of Islamic astronomy, and this before a survey of 
medieval instruments and treatises thereon has been completed. However, the time seems ripe 
for a step in this direction, not least because the history of astronomical timekeeping cannot 
be written without taking into consideration the astronomical instruments whose primary 
function was to facilitate timekeeping. 

In any case, we perhaps need to be liberated from the notion that Islamic instrumentation 
is of consequence only as a prelude to European developments in this field. The study of Islamic 
instruments is but a small chapter in the history of Muslim interest in astronomy for over a 
millennium. It is already well known that various Islamic instruments and related mathematical 
procedures were influential in medieval Europe; indeed, instrumentation in medieval and 
Renaissance Europe can often barely be understood without reference to the Islamic tradition. 
The instruments were, inevitably, basically the same, because they were needed for the same 
purposes in each milieu. This is, of course, not to say that do not find occasional innovations 
in medieval Europe. However, in recent years, it has become increasingly obvious that most 
of the major technical innovations in Renaissance instruments have their counterparts in earlier 
Islamic instrumentation. Again, there is no need to assume direct or even indirect borrowing 
or to exclude independent initiative. However, I think it is important to point out that most 
of these Renaissance instruments had precedents elsewhere. The weak link is now our 
knowledge of the medieval European scene, because reliable catalogues are available at least 
for Renaissance Flemish and English instruments. 

Bibliographical notes to Ch. 1: Useful introductory surveys of early astronomical instruments in general 
are Price, “Precision Instruments to 1500”; Michel, Scientific Instruments in Art and History, G. Turner, 
Antique Scientific Instruments ; Poulle, “Instruments astronomiques du moyen age”; and also Bennett, 
The Divided Circle, pp. 7-26. Anthony J. Turner is currently preparing a general work on the history 
of medieval astronomical instruments and has already published a ‘second’ volume Early Scientific 
Instruments—Europe 1400-1800, as well as Mathematical Instruments in Antiquity and the Middle 
Ages. See also Maddison, “Early Astronomical Instruments”, with a useful bibliography; and idem, 
“Medieval Instruments”. On instruments in Antiquity, see the new translation of Ptolemy’s Almagest 
by G. J. Toomer, and the overview in Dicks, “Ancient Astronomical Instruments”. 

On the celestial sphere and armillary ‘astrolabe’ (as Ptolemy called it) in Antiquity see E. Stevenson, 
Terrestrial and Celestial Globes ; and Fiorini, Erd- und Himmelsgloben, translated from the Italian by 
S. Gunter; Schlachter, “Der Globus”; and Nolte, “Die Armillarsphare”. More recent publications 
include Dekker et al., Globes at Greenwich. For aficionados there is the Vienna-based journal Der 
Globusfreund. 

On the origins of the astrolabe see Neugebauer, “The Early History of the Astrolabe”. On the 
instrument itself, see Michel, Traite de Tastrolabe', Bruin, “The Planispheric Astrolabe: Its History, 
Theory, and Use”, in al-Birunl Newsletter nos. 33, 34 and 35 (1970); North, “The Astrolabe”; 
Neugebauer, HAMA, II, pp. 857-879; Rockford TM Catalogue, 1:1; and, for a modem mathematical 
approach, d’Hollander, L’Astrolabe, and Morrison, The Astrolabe, to appear. 

On sundials in Antiquity see Gibbs, Greek and Roman Sundials, to which add Buchner, Die 
Sonnenuhr des Augustus (problematic), and now Schaldach, Romische Sonnenuhren, and Antike 
Sonnenuhren, I. On sundial theory in Antiquity see Neugebauer, HAMA, II, pp. 839-857. See also 
Higgins, “The Classification of Sundials”, A. Turner, “Sundials: History and Classification”, and King, 
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“Towards a History of Sundials from Antiquity to the Renaissance”. On early mechanical devices to 
represent celestial motions see Price, Gears from the Greeks ; Field & Wright, “Gears from the 
Byzantines”, repr. in eidem & Hill, Byzantine and Arabic Mathematical Gearing ; and King -pere (with 
John R. Milburn), Geared to the Stars. 

Numerous 19 th - and early-20 th -century publications on specific instruments are available; there are 
far too many to be listed here. See Chs. 4-5 on some of the most reliable studies of individual astrolabes 
and quadrants. A series of six volumes entitled Arabische Instrumente in orientalistischen Studien 
(hereafter AIOS) and containing reprints of articles on instruments mainly from the 19 th and early 20 th 
centuries has been published by the Institut fur Geschichte der Arabisch-Islamischen Wissenschaften 
in Frankfurt (1990-91). These six volumes are again reprinted in Islamic Mathematics and Astronomy 
(hereafter IMA), vols. 85-90 (1998), to which another six volumes have now been added as vols. 91- 
96 (1998): a monumental total of some 5,000 pages (!). To mention only one of these early studies 
in which contemporary (1927) knowledge of observational instruments is surveyed, we note the 
important contribution Wiedemann & Juynboll, “Avicenna’s Schrift uber ein Beobachtungsinstrument”, 
esp. pp. 81-129. In the main bibliography to this volume, I have generally indicated whether the articles 
that I cite are reprinted in AIOS , but not whether they are reprinted in IMA. In case of doubt, the reader 
should assume that a given article published before the middle of the 20 th century has been reprinted 
in Frankfurt. 

In its time the best introduction to Islamic astronomical instruments, if not the related textual 
tradition, was Francis Maddison and Anthony Turner’s London SM 1976 Exhibition Catalogue, 
privately distributed but unfortunately never published. Since then we have Samso, “Instrumentos 
astronomicos”, which pays considerable attention to transmission to Europe; Madrid MAN 1992 
Exhibition Catalogue , of which the same can be said, and which contains a series of essays on different 
kinds of instruments and is also well illustrated; and Maddison, “Instruments arabes” (in HSA , but not 
in the 1996 English version of EHAS ). Another study of major importance is Goldstein, “Astronomical 
Instruments in Hebrew”. 

Some aspects of instrumentation that have come to light only during the long-term Frankfurt-based 
project to catalogue all Islamic instruments (and European ones) to ca. 1500 are described in King, 
“Astronomical Instruments between East and West”. 

Other recent publications dealing with instruments on the one side and the transmission of texts on 
instruments on the other include various papers reprinted in Kennedy et al., Studies', Goldstein, Studies', 
King, Studies, B; Lorch, Studies; and Samso, Studies. 

References to the manuscript sources for medieval Arabic, Persian and Turkish treatises on 
instruments are scattered throughout the standard bio-bibliographical works: Suter, MAA; Brockelmann, 
GAL; Renaud, “Additions a Suter”; Krause, “Stambuler Handschriften”; Storey, PL; Sezgin, GAS; 
King, Cairo ENL Survey; Matvievskaya & Rosenfeld, MAMS; and Rosenfeld & ihsanoglu, MAIC. 

Most major Islamic treatises on instruments, such as the works of al-Farghanl, al-SijzI, al-Blrunl, 
and the Sultan al-Ashraf, are unpublished. al-Marrakushl’s treatise is available in a photo-offset edition 
of a fine Topkapi manuscript (Frankfurt: Institut fur Geschichte der Arabisch-Islamischen Wissen¬ 
schaften, 1984); on the two halves of this work see Sedillot -pere, Traite, and Sedillot-/zA, Memoire, 
and also Karl Schoy, Gnomonik der Araber. Frangois Charette has prepared an edition, English 
translation and commentary for the treatise of Najm al-Dln: see his Mamluk Instrumentation. Richard 
Lorch has prepared an edition of the parts of the treatises of al-SijzI and al-Blrunl dealing with non¬ 
standard astrolabes, and is currently preparing an edition of the treatise of al-Farghanl. 

The history of Islamic instrumentation cannot be considered independently of the history of Islamic 
astronomy in general. See King, “Islamic Astronomy”, for an overview in which instrumentation is 
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given due attention. Also overviews of the history of astronomy in al-Andalus, the Maghrib, Egypt 
and Syria, the Yemen, Ottoman Turkey, Iran and Central Asia are now available: for references see 
King & Julio Samso, “Islamic Astronomical Handbooks and Tables”, pp. 16-17, n. 11. 

On the influence of Islamic instrumentation in the European Middle Ages and the reappearance of 
certain Islamic instrument types in the Renaissance see King, “Astronomical Instrumentation between 
East and West”, pp. 144-145, 154, 156, 161, and 168-169, and some works still in preparation. The 
latest catalogues of Renaissance instruments are van Cleempoel, Flemish Instruments , and G. Turner, 
Elizabethan Instruments. Some remarks on medieval European and medieval Islamic precedents are 
in my review of the latter, esp. pp. 148-150. 

On the Frankfurt facsimiles of historical instruments see the notes to Ch. 11. 


CHAPTER 2 


OBSERVATIONAL INSTRUMENTS 


Ptolemy’s Almagest, available to the Muslims in the 8 th century, contained descriptions of the 
armillary sphere, the meridian quadrant and the parallactic ruler. Muslim scholars and craftsmen 
made improvements to these instruments: new scales were added, modified versions were 
devised, and larger instruments were constructed (often when smaller ones would have achieved 
the same degree of accuracy). Most of the early observational instruments are known to us 
only from texts which, in the main, are published and accessible. For example, we may cite 
the treatise by the celebrated early-ll th -century philosopher Ibn Slna, in which he described 
an instrument for measuring celestial altitudes. This consists of an elaborate sighting device 
several metres long which can be moved vertically with respect to a horizontal bar of the same 
length; the outer end of the horizontal bar can move around a horizontal track on a circular 
brick wall. This is indeed far more than one would expect from a philosopher! Again, in the 
introduction to his treatise on construction of astrolabes and sundials the late-13 th -century 
Yemeni Sultan al-Ashraf records that the Fatimid Caliph al-Hakim in Cairo some three 
centuries earlier had an armillary sphere of nine rings, each of which weighed 2000 rath ( ca. 
1000 kg) and was large enough that a man could ride through it on horseback. Two equatorial 
rings constructed in Cairo during the early 12 th century had a diameter of 5 and 3.5 metres, 
but even the latter was found to sag under its own weight; a third with diameter 2.5 metres 
was finally selected. 

We are fortunate to have several treatises dealing with a variety of observational instruments. 
The 12 th -century astronomer al-Khazinl of Merv in Central Asia described six instruments, 
including the parallactic ruler, the diopter, an instrument in the form of a triangle (<dhat al- 
muthallath ), the meridian quadrant, mirrors (alat al-inikas ), and the astrolabe. His treatise 
awaits the study it deserves. His late contemporary al-Samaw’al al-Maghribl also describes 
several observational instruments with a view to improving the accuracy of altitude 
measurements; his treatise awaits a doctoral student. The 13 th -century Syrian astronomer al- 
c Urdl has left us an account of the instruments used at the Maragha Observatory in N.W. Iran, 
where he himself worked. Writing at the Observatory of Samarqand in Central Asia in the early 
15 th century, al-Kashl described the triquetum, the armillary sphere (here with seven rings), 
the equinoctial and solstitial armillary, the so-called Fakhrl sextant for making meridian 
observations, an instrument for measuring both altitudes and azimuths, and another for finding 
trigonometric ratios. Another treatise by al- c Amill {ca. 1560) deals with the instruments at both 
the Maragha and Samarqand Observatories. Yet another, by Taqi T-Dtn, the director of the 
short-lived Istanbul Observatory in the late 16 th century, deals with the observational 
instruments used there but alas not with those illustrated in the beautiful miniature of the 
Observatory reproduced as Fig. 1.1. The observational instruments of Taqi T-Dln are, as Sevim 
Tekeli has shown, identical in conception to those of his near contemporary Tycho Brahe. The 
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former marked the end of serious observational activities in the Islamic world. 

The modem literature on these Arabic, Persian and Turkish texts on observational instruments 
is scattered and largely inaccessible. A worthwhile task would be the preparation of a 
comprehensive overview of all the available material, with properly edited texts and reliable 
translations and a commentary. Any doctoral student who would embark on such a task could 
count on finding in Oriental libraries new texts relevant to his/her subject unknown to his/her 
predecessors. 

Muslim observational activity has been surveyed in a masterful study by Aydin Sayili, and 
the possible, and indeed probable, relationship of the Islamic tradition to later European 
observational instruments has also been discussed by Sevim Tekeli. Since all of the planetary 
observations recorded in the known Islamic sources are based on naked-eye observation, we 
can only assume that instruments such as the armillary sphere—see Fig. 3.5 —or even simpler 
combinations of rings were actually employed in serious observation programmes. But only 
in the case of solar observations to determine the terrestrial latitude and the obliquity of the 
ecliptic do we read that instruments such as the mural quadrant or a meridian ring were actually 
used in practice. 

An interesting historical question concerns the origin of the torquetum, an instrument known 
in medieval Europe, which permits measurements in the planes of the celestial equator and 
the ecliptic as well as the plane perpendicular to the ecliptic and the vertical plane. It is first 
described in European astronomical texts from the 13 th century, and investigations of its 
relationship with the observational instruments described by Jabir ibn Aflah (known in the West 
as Geber) in Seville in the early 12 th century have led to the conclusion that the torquetum 
is indeed of European origin. 

The sites of the observatories of Maragha and Samarqand have been excavated. Only the 
foundations of the former remain; of the latter, only the enormous meridian quadrant some 
40 metres in radius: see Fig. 2.1. From no other Islamic observatories have we any surviving 
instruments. The stone observatories built in India in the early 18 th century, supposedly in the 
Islamic tradition, are an anomaly: here we have all the instruments but no observation records 
or original results of any consequence. 

Notes: The fundamental study of Islamic observatories is Sayili, The Observatory in Islam, a work 
that is still of as much value today as it was 40 years ago. On al-Hakim’s armillary instrument see 
King, Astronomy in Yemen , pp. 28-29, and also Sayili, The Observatory in Islam, pp. 167-172. On 
the observatories of Maragha and Samarqand see ibid., pp. 187-223 and 259-289. On more recent 
excavations at those two sites see Bruin, “The Astronomical Observatory of Naslr al-Dln al-Tusl”, in 
al-Biruni Newsletter 13 (1968); Vardjavand, “Observatoire de Maraqe”; Bruin, “The Astronomical 
Observatory of Ulugh Beg in Samarqand”, in al-Biruni Newsletter 9 (1967); and various articles listed 
in DSB, XIII, p. 537 (in the article “Ulugh Beg”). The Istanbul observatory is discussed in Unver, 
Istanbul Rasathanesi, and Sayili, The Observatory in Islam, pp. 289-305. On the stone observatories 
in India see Kaye, The Observatories of Jai Singh, A-B, and, more recently, Sharma, Sawai Jai Singh 
and his Astronomy. 

On early solar observations with meridian quadrants see especially al-Biruni’s treatise on 
mathematical geography called Tahdid ... , transl. by Jamil Ali, comm, by E. S. Kennedy. Other studies 
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Fig. 2.1: The mural quadrant with radius 40 m at the observatory in Samarqand. [Photo courtesy of Professor 
Walter Kegel, Frankfurt.] 


on observations include Schirmer, “Studien zur Astronomie der Araber: II. Arabische Bestimmungen 
der Schiefe der Ekliptik”, and Renaud, “Determinations marocaines de l’obliquite de l’ecliptique”; and 
several monographs reprinted in Goldstein, Studies. On Ibn Slna’s instrument see Wiedemann & 
Juynboll), “Avicenna iiber ein Beobachtungsinstrument”, and also ZGAIW 2 (1985), pp. A47-73 
(facsimile of the manuscript). 

Studies of instruments at individual observatories beyond those discussed in Sayili, Observatory , 
include: Bruin, “The Fakhrl Sextant in Rayy”, in al-Blrunl Newsletter 19 (1969); Sayili, “Al-Khazinl 
on Instruments”; Bruin, “A Treatise on Small Instruments by ... al-Khazinl ... ”, in al-Blrunl Newsletter 
30 (1970); Seemann, “Die Instrumente der Sternwarte zu Maragha”, repr. in AIOS, VI, pp. 17-129 (see 
also the review by Josef Frank repr. ibid., pp. 130-141); Tekeli, “al- c Urdl on the Observational 
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Instruments at Maragha Observatory”; Bruin, “The Observational Instruments of al- c Urdl ... ”, in al- 
Blrunl Newsletter 10 (1968); idem , “The Construction of Instruments ... by ... al- c Amill ... ”, ibid. 15 
(1968); Kennedy, “al-Kashl on Instruments”; Tekeli, “The Astronomical Instruments of Zij-i- 
Shahinshahiya ”, eadem , “The Instruments of TaqI al Din and Tycho Brahe”, and eadem , “Observational 
Instruments of Istanbul Observatory”; Bruin, “The Instruments of TaqI al-Dln ... ”, in al-Blriml 
Newsletter 29 (1970); and Ansari & Ghori, “Two Treatises on Astronomical Instruments”. On the 
torquetum see Lorch, “The Astronomical Instruments of Jabir ibn Aflah and the Torquetum”. On the 
“Jacob’s staff’ invented by Levi ben Gerson and various other instruments see Goldstein, The 
Astronomy of Levi ben Gerson , chs. 6-9. Sezgin, “Jakobsstab” (in Arabic), is confused. 


CHAPTER 3 


CELESTIAL GLOBES AND ARMILLARY SPHERES 


The problems of spherical astronomy can be illustrated by means of a three-dimensional 
celestial globe. The stars and the ecliptic, the apparent path of the sun against the background 
of fixed stars, are represented on the outside of a sphere of arbitrary radius which is set inside 
a horizontal ring representing the local horizon. The axis of the sphere is fixed in the plane 
of the meridian, and its inclination to the horizon can be adjusted so that the ensemble represents 
the heavens with respect to the horizon of any locality. One rotation of the sphere about its 
axis corresponds to one 24-hour period of time. As the body of the heavens is represented by 
the celestial globe, so its skeleton is represented by the armillary sphere, consisting of a series 
of rings for the celestial equator, the ecliptic, the meridian and an adjustable horizon. 

The Muslims inherited the celestial globe from the Greeks, and a description of such an 
instrument was available to them in Ptolemy’s Almagest. Of considerable historical interest 
to the problem of transmission is the celestial map on the inside of a dome in the early 8 th - 
century architectural complex known today as Qusayr c Amra in Trans-Jordan: it shows a strange 
mixture of ecliptic and equatorial coordinates, with some constellations incorrectly represented. 
The aspect is not that of the sky in nature but rather the sky as portrayed on a celestial globe 
(such as is also found on the planispheric astrolabe)! Also Near Eastern influences can already 
be detected in the figures. The 10 th -century astronomer al-Sufi of Shiraz informs us that he 
found illustrations of the constellations in a (now lost) treatise by the 9 th -century scholar ‘Utarid 
ibn Muhammad al-Hasib and on a large globe by the latter’s contemporary, (the elusive) c All 
ibn Tsa. al-Sufi’s own illustrated treatise on the constellations was to become the leading work 
on the subject, if not the only one. One Ibn al-Sanbadl, when visiting the library in Cairo in 
435 H [= 1043/44], saw a silver globe made by al-Sufi himself for the Buwayhid ruler c Adud 
al-Dawla, weighing 3,000 dirhams and which had been purchased for 3,000 dinars. 

Several Arabic treatises were written on the celestial globe over the centuries. The instrument 
was called in Arabic al-kura or al-bayda or dhat al-kursi, terms meaning “the sphere”, “the 
egg-shaped (!) instrument” and “the instrument resting in a horizontal frame”. Some 200 
Islamic celestial globes have been surveyed (but alas generally not illustrated) by Emilie 
Savage-Smith, who established that there are three main kinds: those with outlines of 
constellation figures and numerous stars; those showing only the brightest stars and no 
constellation figures; and those marked only with a spherical coordinate system. See Figs. 3.1- 
4 for three fine examples: a task for the future is to assemble a photographic archive of all 
surviving early globes. A particularly interesting globe, devised by al-Khazini in the early 12 th 
century and known to us only from a description, could be made to rotate by means of a falling 
weight attached to its axis through a gear-and-pulley arrangement. Only a few late Islamic 
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armillary spheres survive, although several treatises on the dhat al-halaq , “the (instrument) 
with the rings” were compiled over the centuries: see Fig. 3.5. 

A hemispherical instrument reflecting the celestial motion was devised by the 10 th -century 
astronomer and instrument-maker al-Khujandl, and this was made universal by his successor 
Hibat Allah al-Asturlabl in the early 12 th century. This instrument seems to have provided the 
inspiration for the huge hemispherical bowl instruments of the much later Indian stone 
observatories. The manuscripts await study: see Fig. 3.6. 

The celestial map at Qusayr c Amra is studied in Beer, “Astronomical Dating of Works of Art”, (in 
Vistas in Astronomy 9 (1967), pp. 177-223), esp. pp. 177-187, with notes by Willy Hartner ibid., p. 
225. A survey of Islamic celestial globes is Savage-Smith, Islamicate Celestial Globes. (For some 
corrections and comments see the review by Paul Kunitzsch in Der Islam 64 (1987), pp. 367-370, and 
my review in Isis 81 (1990), pp. 762-764.) That study alas did not present many decent illustrations 
of historically important (that is, early) Islamic globes. Earlier studies of individual globes include: 
Assemani, Globus arabicus , 1790; Meucci, Globo celeste arabico , 1878; Dorn, “Drei arabische 
Instrumente”, 1865, esp. pp. 31-63; and Pinder-Wilson, “The Malcolm Celestial Globe”, 1976. For 
treatises see Worrell, “Qusta ibn Luqa on the Celestial Globe”; Kennedy, “Al-Sufl on the Celestial 
Globe”; Lorch, “al-Khazinl’s ‘Sphere that Rotates by Itself”, idem , “The sphaera solida ”, and idem 
& Kunitzsch, “Habash on the Sphere”, all three repr. in Lorch, Studies , XI-XIII. On the hemispherical 
instrument of al-Khujandl (called al-ala al-shamila) see Frank, “Zwei arabische Instrumente”, and 
Rosenthal, “Al-Asturlabi and as-Samaw 3 al on Scientific Progress”, esp. pp. 557-560. On an early-10 th - 
century treatise on the armillary sphere see Stern, “A Treatise on the Armillary Sphere by Dunas ibn 
Tamlm”. 
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Fig. 3.1: Some of the markings on the splendid globe 
(#6001), a mere 21 cm in diameter, made by Ibrahim 
ibn SaTd al-Sahll in Valencia in 473 H [= 1080]. The 
piece was published by Ferdinando Meucci in 1878 
and has barely been studied since. For an unsigned 
globe in the Bibliotheque nationale de France by the 
same maker (#6034) see Madrid & New York 1992 
Exhibition Catalogue , pp. 378-379. [Courtesy by of 
the Museo di Storia della Scienza, photo by Franca 
Principe, proving that even 3-dimensional instru¬ 
ments can be photographed properly by an expert.] 





Fig. 3.3: Part of the magnificent celestial globe (#6002) 
by Yunus ibn Husayn al-Asturlabl made in 539 H [= 
1144-45], of which no photos have ever been pub¬ 
lished. Alas, this one is marred by the absurd early 
modern stand. [From the archives of Alain Brieux, 
courtesy of Dominique Brieux. Present location un¬ 
known. Formerly in the collection of Marcel De- 
stombes, Paris, but not now in the Institut du Monde 
Arabe along with his other instruments.] 



a 
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Fig. 3.4: A celestial globe from 13 th - or 14 th -century 
Iran (#6133) that has recently come to light. Each 
Islamic globe from before about 1500 should be 
published again, with proper illustrations. [Courtesy 
of Tartu University Museum, Estonia.] 
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Fig. 3.5: An illustration of an armillary sphere on the cover of the unique copy of the auxiliary tables for solving 
problems of spherical astronomy by the 15 th -century Cairene astronomer al-WafaT. The various observations 
recorded by Muslim astronomers were made with instruments far simpler than this, and indeed the majority of 
planetary conjunctions and eclipses of which we have written accounts appear to have been observed with the 
naked eye. All that one needs in order to determine the time of an observation is an instrument for measuring 
celestial altitude: the time can then be calculated more accurately than it can be measured on any medieval 
instrument. [From MS Vatican Borg, arabo 817, fol. lr, courtesy of the Biblioteca Apostolica Vaticana.] 


i — 

Figs. 3.2a-b: Two views of a celestial globe made in 622 H [= 1225] (#6003) by the celebrated Egyptian scholar 
c Alam al-Dln Qaysar (see Fig. XIVa-3.6). In the first we see Perseus, Taurus (head spans two halves of globe), 
Orion and Lepus down the centre, and Gemini off to the right; in the second the maker’s inscription and dedication 
to the ruling Mamluk sultan near to the inevitable void of the sky around the southern pole. This magnificent 
object, a mere 22 cm in diameter, was published in a book of about 250 pages by the orientalist Simon Assemani 
(Fuck, Arabische Studien in Europa , p. 125) in 1780. Leo A. Mayer in 1956 listed half a page of references 
to this precious instrument, without stressing that it had been properly published almost two centuries previously. 
Emilie Savage-Smith had not a good word for poor Assemani or for his “rather poor facsimile”, but inevitably 
presented no new illustrations. Fuat Sezgin has recently reprinted Assemani’s book (IMA, vol, 91), which any 
future researcher would do well to take seriously. I present two old photos of the globe: somehow people were 
able to take better photos of globes at the beginning of the 20 th century than at the end. [Original in the Museo 
Nazionale, Naples; aged photos from the archives of the late Alain Brieux, courtesy of Dominique Brieux, Paris.] 
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Fig. 3.6: Simplified diagrams of al-Khujandl’s hemispherical instrument in a late collection of texts, datable 
to Meshed ca. 1800, containing unique copies of several important Abbasid treatises on instruments (compare 
Fig. XIIa-2a!). [From MS Cairo DM 970, fols. 5v-6v, courtesy of the Egyptian National Library. (MSS Cairo 
DM 969 and 970 are both by the same copyist.)] 












CHAPTER 4 


STANDARD PLANISPHERIC ASTROLABES 


4.1 On standard astrolabes 

The theory of stereographic projection, developed by Hipparchus of Rhodes ca. 150 B.C., 
enables the same problems of spherical astronomy to be solved with equal facility and with 
but a slight stretching of the imagination by means of a two-dimensional instrument. The 
Muslims inherited such a device—the planispheric astrolabe—from their Hellenistic predeces¬ 
sors, and they developed it in virtually all conceivable ways. The device results from a 
stereographic projection of the celestial sphere onto the plane of the celestial equator from the 
south celestial pole. This projection has the property that circles on the sphere project into 
circles on the plane and that angles between great circles are preserved. 

The standard astrolabe—see Fig. XIIIa-1.1 —consists of two main parts, one ‘celestial’ and 
the other ‘terrestrial’. First, there is a grid called a rete, bearing pointers representing the 
positions of certain prominent fixed stars and a ring representing the ecliptic. Second, there 
is a plate for a specific latitude bearing markings representing the meridian and the local 
horizon. Curves showing the altitude (sometimes called almucantars), and an orthogonal set 
showing the azimuth, are also included on the plate. When the rete—the ‘celestial’ part—rotates 
over the plate—the ‘terrestrial’ part, the apparent rotation of the sun and stars across the sky 
above the horizon of the observer is simulated. The typical medieval astrolabe contained several 
plates for a series of latitudes as well as various markings on the back of the instrument either 
for measuring celestial altitudes or for performing trigonometric calculations. Literally dozens 
of treatises on the use of the astrolabe were compiled between the 9 th and the 16 th century, 
and hundreds of astrolabes survive, including a few dozen from those earliest centuries. These 
early astrolabes have recently been investigated in Frankfurt, the majority for the first time. 
Muslim developments to the simple planispheric astrolabe are of considerable historical 
interest. Also the development of the astrolabe in medieval Europe cannot be understood 
without recourse to Islamic instrumentation, as several recent studies of early European 
astrolabes clearly demonstrate. 

Sometimes retes were simplified. For timekeeping by the sun one only needs the zodiacal 
ring. On the Maghribi instrument shown in Fig. 4.1.5, an ecliptic ring with a few star-pointers 
attached will suffice. The maker of the Iranian instrument shown in Fig. 4.1.6 provided a disk 
for the ecliptic but no more than a horizon for latitude [36°] and a meridian scale: with this 
one can do little more than ascertain the horoscopus when the sun is at midday. A set of altitude 
circles would have rendered his instrument adequate for all timekeeping operations with the 


sun. 
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Fig. 4.1.1: The front of an astrolabe made by Badr, mawla of the celebrated Hibatallah al-Asturlabl, in 525 H 
[= 1130/31] (#2557), probably in Baghdad, though possibly in Rayy. This astrolabe is remarkable in that it is 
a close copy of the astrolabe of al-Khujandl, made about 150 years previously: see XIIIc-9. This already shows 
remarkable developments over the earliest Islamic astrolabes. See Fig. 4.7.3 for the back. [Courtesy of the Adler 
Planetarium, Chicago.] 
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Fig. 4.1.2: The front of an astrolabe made by Muhammad ibn Hamid ibn Mahmud al-Isfahanl in 556 H [= 1161] 
(#1177). The rete design shows minor developments to the earliest astrolabes from the 9 th and 10 th centuries, 
yet the lower equinoctial bar and its supports are too broad to be classified as elegant. The plate below the rete 
is not inserted properly. See Fig. 4.4.2 for a more unusual plate. The back bears nothing more than a simple 
trigonometric grid and shadow scales. [Courtesy of the Turk ve Islam Eserleri Muzesi, Istanbul.] 
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Fig. 4.1.3: The front of an AndalusI astrolabe (#116), made in Toledo in 420 H [= 1029/30] by Muhammad 
ibn al-Saffar. The plates for Toledo and Cordova, as well as the back, have additional later markings in Hebrew: 
see Fig. XV-15. The distinctive style of the star-pointers led to the star-names being a bit tight. In fact, when 
an instrument of this design was copied in Renaissance Italy (see Fig. 4.1.4), the names for the spikey star- 
pointers on the horizontal axis were omitted altogether. [Courtesy of the Deutsche Staatsbibliothek (PreuBischer 
Kulturbesitz), Berlin.] 


—^ 

Fig. 4.1.5: The simplified rete on a late Maghribi astrolabic plate for the latitude of 34° [Meknes] (#4303). 
Although two of the star-pointers are broken, there is no need to suppose that anything else is missing. It is 
extremely difficult to date unsigned and undated Maghribi astrolabes (the engraving changed little over many 
centuries), and I suggest ca. 1500 for this piece, even though the throne is reminiscent of al-KhamaTrl ca. 1200 
and the equinox on the calendrical scale on the back (see Fig. XIIa-B7) is at March 14, which corresponds 
to ca. 1300. [Courtesy of the Victoria and Albert Museum.] 

Fig. 4.1.6: If one simplifies the instrument too much it becomes very limited in its application. The markings 
on the back of this astrolabic plate (#4203), showing the directions to Mecca and Kerbala, indicate that it was 
made in Hamadan (see Fig. 4.5.4 and King, Mecca-Centred World-Maps , pp. 105-106). [Courtesy of the National 
Maritime Museum, Greenwich.] 
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Fig. 4.1.4: The rete of a Renaissance Italian astrolabe (#4507), which has been inappropriately dubbed a fake, 
not least because of its gilt finish. One thing is clear: the star-pointers on the rete were inspired by a rete in 
the tradition of Muhammad ibn al-Saffar (compare Fig. 4.1.3). Equally clear is the fact that the Italian who 
made this piece had no idea which stars he was representing on his rete. [Object in the Museo Bargello, Florence; 
photo courtesy of the Museo di Storia della Scienza, Florence.] 
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On the astrolabe in the Islamic context we have the masterly overview of Willy Hartner, “The Principle 
and Use of the Astrolabe”, and his shorter article “Asturlab” in EI r XHIa is a new introduction to 
the astrolabe to supplement Hartner’s more theoretical approach. On the diversity of problems which 
can be solved with an astrolabe see Destombes & Kennedy, “al-Sufi on the Astrolabe”; Charette & 
Schmidl, “al-Khwarizmi on the Astrolabe”, forthcoming, replacing Frank, “al-Khwarizmi uber das 
Astrolab”, repr. in AIOS , IV, pp. 125-159, with a review by Carl Schoy repr. ibid , pp. 160-161; and 
Viladrich, Ibn al-Samh on the Astrolabe. 

On the origin of the astrolabe see Neugebauer, “The Early History of the Astrolabe”; and on Arabic 
accounts of its origin, mainly fictitious, see King, “On the Origin of the Astrolabe according to the 
Medieval Islamic Sources”, now in Xllle. On stereographic projection see, for example, Michel, Traite 
de Vastrolabe, passim, and Lehr, De Geschiedenis van het Astronomisch Kunstuurwerk, pp. 111-122. 
On the theory of the markings for the seasonal hours see now Hogendijk, “Seasonal Hour Lines on 
Astrolabes and Sundials”. 

Numerous Islamic astrolabes are presented in Gunther, The Astrolabes of the World, vol. I. See Price 
et al.. Astrolabe Checklist, for brief listings of many more. Their makers are listed in Mayer, Islamic 
Astrolabists, and supplement. More information on signed astrolabes is anticipated in Brieux & 
Maddison, Repertoire des facteurs d’astrolabes et de leurs oeuvres, arranged alphabetically by maker. 
Some valuable studies of the astrolabes in individual collections are Kaye, Observatories of Jai Singh, 
especially chs. III-V; Garcia Franco, Astrolabios en Espaha; Dube, “Astrolabes in Rampur”, now 
replaced by Sarma, Rampur Catalogue ; [Maddison], Oxford MHS Billmeir Supplement Catalogue; 
Gibbs & Saliba, Washington NMAH Catalogue; A. Turner, Time Museum Catalogue, 1:1; King in Paris 
IMA 1993-94 Exhibition Catalogue, pp. 432-443 (see now XlVb); idem, “Numberger Astrolabien” 
(includes some Islamic astrolabes—see, for example, XIVb-2), and idem, “Kuwait Astrolabes” (see 
now XIIIc); and Stautz, Munich Astrolabe Catalogue (in German) (some Islamic instruments). On the 
problems of the treatment of instruments in the imposing volumes listed as London Khalili Collection 
Catalogue, see see my essay review “Cataloguing Medieval Islamic Astronomical Instruments”. Other 
useful collections of descriptions are in various auction catalogues, particularly that of the Linton 
Collection, namely, Linton Collection Catalogue. 

The best study in English of an individual instrument is Morley, “Astrolabe of Shah Husayn” (1856), 
appropriately repr. as the introduction to Gunther, Astrolabes, I. Other detailed studies are Sedillot- 
fils, “Memoire” (1844), pp. 172-181; Sarrus, “Astrolabe marocain” (1850); Woepcke, “Arabisches 
Astrolabium” (1855); Dorn, “Drei arabische Instrumente”, pp. 26-31; Frank & Meyerhof, “Mogulisches 
Astrolab” (1925); and, more recently, Helmecke, “Berliner Astrolab des Muhammad Zaman”; Marra, 
“Due astrolabi ispano-moreschi”; and King, “Yemeni Astrolabe”, now in XlVa; idem, “Kuwait 
Astrolabes”, pp. 78-89 (astrolabes of Nastulus and al-Khujandl—see now XIIIc-3a and 9); idem, 
“Monumental Syrian Astrolabe”, (1996-97), now in XIVc; and Ackermann, “Umarbeitung eines 
Astrolabs”, and Schmidl, “Ein Astrolab aus dem 17. Jahrhundert”, both summarized in XIIIa-6. Some 
early descriptions are particularly useful now that the instruments described have been stolen: see, for 
example, Mortillaro, “Astrolabio arabo del nono secolo” (1848) and Caldo, “Astrolabi di Palermo” 
(1936)—see now XIIIc-8.1. On a Renaissance Italian drawings of an early Islamic astrolabe see Saliba, 
“Astrolabe by Khafif’, and now XIIIc-1.3. 

The accuracy of the star positions on various retes is investigated in Stautz, Mathematisch- 
astronomische Darstellungen auf mittelalterlichen Instrumenten. On an earlier study listed as Torode, 
“Dating Astrolabes”, see the criticism in Dekker, “Astrolabes and Dates and Dead Ends”. Some of 
the problems of Stautz’ work relating to medieval European astrolabes are identified in Dekker, 
“Astrolabe Stars”, but usually with Islamic astrolabes, the names are unambiguous and the positions 
reasonably accurate. The procedure adopted in Firneis, “Granada Astrolabe”, for investigating the 
accuracy of the markings on astrolabe plates is also problematic, and the results incorrect. 

For the stars marked on astrolabes, if only according to the most important medieval textual source, 
see Kunitzsch, “Al-Sufi and the Astrolabe Stars”. With the exception of Kunitzsch’s observations on 
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certain ll th -century AndalusI astrolabes, the selection of stars on surviving Islamic astrolabes has yet 
to be investigated. 

The geographical information explicit and implicit that can be extracted from early Islamic astrolabes 
is presented in King, “The Geography of Medieval Astrolabes”, for which see now XVI. 

On the astrolabe in the textual tradition of one particular region see Sarma, “Sultan, Suri and the 
Astrolabe”, with textual descriptions of actual instruments from 14 th -century Delhi that are now lost; 
idem , “Astronomical Instruments in Mughal Miniatures”; idem , “The Astrolabe in Sanskrit”; and Plofker, 
“The Astrolabe and Spherical Astronomy in Medieval India”. 

On problems of transmission to Europe see van der Vyver, “Les premieres traductions latines de 
traites arabes sur Tastrolabe”; Kunitzsch, “Messahalla on the Astrolabe”, and idem , “Al-KhwarizmI 
as a Source for the Sententie astrolabii ”; and Marti & Viladrich, “Tratados de astrolabio”. 


4.2 Astrolabe construction 

The basic mathematical markings on the astrolabe and those on the various plates for different 
latitudes can be achieved by geometrical construction. But the Muslims had a passion for compil¬ 
ing tables, and they also realised that tables could facilitate the construction of astrolabes. One 
needs to know, for example, the radius of each of the altitude and azimuth circles and the dis- 
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Figs. 4.2.1a-b: Tables for constructing the altitude and azimuth circles on astrolabe plates from the corpus of 
al-Farghanl. The functions tabulated here are, on the left, the radii and centre-distances of the altitude circles 
for latitude 21°, and, on the right, the same for the azimuth circles for latitudes 15°-21°. See Figs. XIVa-3.5a- 
b for some other later tables of this kind. [From MSS Berlin Ahlwardt 5790, fol. 36r (a), and 5791, fol. 42v 
(b), courtesy of the Deutsche Staatsbibliothek.] 
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Fig. 4.2.2: A template for astrolabe construction (#8105), with a blank mater that has waited some two centuries 
to be engraved. Reduction of the larger markings to the smaller scales of the instrument still calls for a complete 
mastery of the art. [Courtesy of the Museum for the History of Science, Oxford.] 



Fig. 4.2.3: This diagram, published by Chardin in his Voyage en Perse (Amsterdam, 1735), shows a dastur, 
which he said the astrolabists of Isfahan had engraved on a rectangular piece of brass a foot long and an ecu 
thick. With such a device, one can derive the tangents of half an arc, essential in the calculation of the size 
and positions of the ecliptic and altitude circles. For more details, see Michel, “Construction des astrolabes 
persans”, and Rockford TM Catalogue , p. 24. [Photo from the archives of the author.] 
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tances of the centres of these circles from the centre of the astrolabe. In early-9 th -century Baghdad, 
the astronomer al-Farghan! compiled a set of tables displaying the radii and centre distances of 
both altitude and azimuth circles for each degree of altitude and each degree of azimuth, for each 
degree of terrestrial latitude. These tables, which contain over 13,000 entries (VIa-9, illustrated, 
and also Figs. 4.2.1a-b), were used by astrolabists alongside geometrical construction in the fol¬ 
lowing centuries, and similar but less extensive tables were prepared for specific localities by a 
series of later astronomers: see Fig. XIVa-3.4. This Islamic tradition of compiling tables for 
astrolabe construction was apparently unknown in medieval Europe. As for marking the basic 
scales on the rims of the front and back and on the shadow squares and outer shadow scales, we 
are fortunate to have a late Iranian template ready for use: see Fig. 4.2.2, For the markings on the 
rete and plates, we are likewise fortunate to have an account by Jean Chardin as to the way in 
which astrolabists of Isfahan did this: see Fig. 4.2.3, al-Farghanl might have laughed at their 
method, but the Isfahan astrolabists produced very accurate astrolabes without using his tables. 

On the geometric construction of astrolabes see Charette & King, “Survey of Islamic Tables for Astrolabe 
Construction”, to appear; and already King & Samso, “Islamic Astronomical Handbooks and Tables”, pp. 
91-92. The mathematics underlying the tables is found already in Michel, Traitc de l ’astrolabe , pp. 62-63 
(although Michel did not realize he had any Muslim predecessors for his elegant trigonometric proce¬ 
dures); see also idem, “Construction des astrolabes persans”. See also Anagnostakis, “Astrolabe Ecliptic 
Divisions”; Berggren, “Habash’s Analemma for Azimuth Curves”; idem, “Drawing Azimuth Circles”, 
and idem, “al-Kuhl on Astrolabe Construction”. Richard Lorch is currently completing an edition and 
annotated translation of al-Farghanl’s treatise on astrolabe construction. 


4.3 Ornamental retes 

The Muslims developed the retes of astrolabes into objects sometimes of great beauty. Stars were 
sometimes selected for inclusion on the retes by virtue of their positions in order to achieve 
symmetry about the vertical axis. Zoomorphic representations for constellations or groups of 
stars, or even for single stars, were used, albeit not commonly, from the 10 th century onwards. 
Floral patterns were particularly popular on Iranian and Indo-Iranian astrolabes from the 16 th 
century onwards. 

It is now possible to trace the astronomical and artistic development of astrolabe retes. 
Particularly important were the instruments of al-Khujand! of Baghdad in the 10 th century, 
which broke away from the earliest, rather spartan, retes inherited from the Hellenistic tradition 
and introduced quatrefoils and zoomorphic figures—see Figs. 4.3.1-4; those of al-Khama’iri 
in early-13 th -century Seville (Fig. 4.3.2), which were imitated in the Muslim West for six 
centuries; those of c Abd al-Karim al-Misri in Damascus ca. 1225 (Fig. 1.4), which may have 
influenced those of Jalal al-Kirmanl of Central Asia in the 15 th century (XlVd), which in turn 
mark the beginning of the floriated patterns on Eastern Islamic instruments and also influenced 
the school of 17 th -century Lahore. The “Gothic” “rectangular-frame” and “quatrefoil” retes on 
early European astrolabes owe their inspiration to the Islamic tradition (XVII). 

To give a specific example of transmission of a different kind of rete-design, we note that the 
astrolabe illustrated in intense detail in the intarsia of the studiolo of Archduke Frederico da 
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Fig. 4.3.1: The rete of an astrolabe (#137) by al-Sahl al-Nlsaburl, datable between ca. 1180 and ca. 1280, with 
numerous circus figures representing constellations. The star-positions on this spectacular piece can be dated 
ca. 600±100, so that it is to all intents and purposes completely useless from a serious practical point of view: 
see further XIVb-2 and compare XIIIb-3.7. [Courtesy of the Germanisches Nationalmuseum, Nuremberg.] 
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Fig. 4.3.2: The rete and limbus are all that survive of this astrolabe (#4148), which by virtue of its design and 
craftsmanship can be attributed to the prolific Muhammad ibn Fattuh al-KhamaTrl of Seville, ca. 1200. AndalusI 
retes are distinguished by the counter-changed horizontal bar and the elegant star-pointers, as well as the circular 
and pear-shaped frames supporting the lower equinoctial bar, although sometimes mihrab -shaped frames were 
preferred. [Present location unknown; photo courtesy of Christie’s of London and a former owner.] 
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Fig. 4.3.3: This rete is from an astrolabe by the prolific Abu Bakr ibn Yusuf of Marrakesh, dated 605 H [= 
1208/09] (#124). The design is basically similar to contemporaneous AndalusI retes: notice the counter-changed 
horizontal bar, and the broken circular and pear-shaped frames. The star-pointers, however, are of an original 
design. It might be thought that they could be easily adjusted for changing star-positions, but this would be more 
difficult than it might seem. This rete bears later markings by a European. The design was influential in medieval 
Italy, although the frames in the upper part of the ecliptic were then reversed: see Figs. XIIIa-10.4a-c. [Courtesy 
of the Observatoire de Strasbourg.] 


Montefaltro in Urbino ( ca . 1476) owes its inspiration to a medieval Italian astrolabe-design (at¬ 
tested on an instrument preserved in Florence) inspired by that of Abu Bakr ibn Yusuf, a prolific 
and highly-competent instrument-maker in Marrakesh ca. 1200. Further evidence of the trans¬ 
mission is found in the identical distinctive design of the thrones on Abu Bakr’s astrolabes and the 
medieval Italian astrolabe. It seems likely that transmission occured via Sicily, but Urbino was 
not the end of the road, for the Italian rete-design was still in use in Germany in the early 16 th 
century (with Johannes Stoffler). 
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Fig. 4.3.4: The rete of one of the more sophisticated late Iranian astrolabes (#33), made for the Safavid Shah 
Husayn in 1124 H [= 1712/13] by c Abd al- c All and engraved by his brother Muhammad Baqir. This is the 
astrolabe that was studied in detail by William Morley in 1856. [Courtesy of the British Museum, London.] 


Astronomically-significant decorations of astrolabe retes are investigated in Gingerich, “Zoomorphic 
Astrolabes”, but neither the author nor the editors of the Kennedy Festschrift in which the article 
appeared were aware of the as-yet-then-unpublished early Islamic astrolabes with such markings, and 
there is more to be said on this subject. On quatrefoil decoration on astrolabes see King, The Ciphers 
of the Monks , pp. 380-390, and now XVII. On the possibility of a Syrian origin for the upper bar across 
the solstitial axis on medieval French astrolabes rete see ibid., p. 395, and now XIVc. 

4.4 On the geography of astrolabes 

Geographical and astrological information was often engraved on the maters or plates of 
astrolabes. Originally astrolabe plates served each of the seven climates of Antiquity (seven 
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latitudinal bands whose limits and mid-points are defined in terms of the longest daylight), 
the idea being to render the instruments universal. The first geographical tables on astrolabes 
gave only the latitudes of a series of localities, their purpose being to indicate which plate one 
should use. (Medieval texts often advocate interpolating between the results derived from two 
plates with a lower and higher latitude than one’s own.) Later astrolabe plates were engraved 
for a series of latitudes no longer corresponding to the seven climates (although these often 
lurk in the background in a disguised form). Often the length of longest daylight at those 
latitudes would be included, this being another feature reminding the user of the notion of the 
climates. (An indication of the traditionalism that prevailed amongst astrolabists is that 
Ptolemy’s value of the obliquity was used for these lengths for centuries after updated values 
of the obliquity had been derived by new observations.) Sometimes a list of localities served 
by each of the plates would be included. 

The plates of an astrolabe often yield clues as to the provenance of the instrument. Usually 
the plate for the latitude of the locality where the instrument was made has additional markings. 
Thus, for example, an astrolabe preserved in Copenhagen has special markings on the plates 
for latitudes 34° and 40° which serve to find the direction of Mecca at Herat and Samarqand, 
respectively. Since it was made in 1428 for the treasury of a prince whose name has been 
obliterated, we are clearly dealing with an astrolabe made in Samarqand for the Timurid 
astronomer-prince Ulugh Beg himself, for his duties caused him to oscillate between these two 
cities: see Figs. XIVd-1. Alternatively, the latitudes used on astrolabe-plates provide infor¬ 
mation on the scientific milieu in which the instruments were constructed. Thus, for example, 
some ll th -century Andalusi astrolabes give 33;9° as the latitude of Baghdad: this is a clear 
indication of the influence in al-Andalus of the astronomical tables of the earlier astronomers 
al-Khwarizm! and al-Battan! from the Islamic East, both of whom used this (inaccurate) value. 
Likewise, the inclusion of a plate for latitude 39;52°, which is Ulugh Beg’s value for 
Samarqand, in the earliest astrolabes of the Lahore school (XIVf-3) is a clear indication of 
the source of the inspiration for the activity of the school. 

On the geographical information that can be derived from early instruments see King, “The Geography 
of Astrolabes”, now in XVI. New information on Indian coordinates is to be found in Sarma, “Sultan, 
Suri and the Astrolabe”. For investigating specific latitudes attested on instruments it is important to 
know which localities were thought to have these latitudes in the Middle Ages rather than which 
localities actually have these latitudes. For this Kennedy & Kennedy, Islamic Geographical 
Coordinates, based on about 75 sources, is invaluable. On the lengths of daylight for specific latitudes, 
see King, Mecca-Centred World-Maps, pp. 75-76. See also the notes on qibla-indicators in Ch. 8 below. 

4.5 Special markings relating to prayer 

Some of the markings introduced by Muslim astronomers on the standard astrolabe have to 
do with Muslim prayer. It is the duty of every Muslim to perform five prayers each day at 
times that are astronomically defined (II). These prayers begin when the sun has disappeared 
over the horizon at sunset, at nightfall, at daybreak, either at astronomical midday or shortly 
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a b 

Figs. 4.4.1a-b: The front and back of a solitary plate (#4150) that is unique of its genre. I strongly suspect that 
it was by the early-15th-century astrolabist Jalal al-Kirmanl, and I should have included it in XlVd. The markings 
on both sides are for latitude 30°, usually suggesting Cairo, but in this case, they may be for Kirman. On the 
front we find altitude circles for each 3° of argument and markings for the seasonal hours. On the back we find 
altitude circles for each 5° of argument and markings for the hours since sunset. The knobs at the bottom look 
at first sight like an absurd later addition; however, they may be original, in which case they are most unusual 
and it is not at all clear how they would have functioned. [Object now in the Nasser D. Khalili Collection in 
London; photos courtesy of Sotheby’s of London.] 



Fig. 4.4.2: An unusual plate in an astrolabe made by Muhammad ibn Hamid ibn Mahmud al-Isfahanl in 556 
H [= 1161] (#1177). The lower markings serve latitude 34° and the upper ones latitude 39°. Around the centre 
of the plate, the two sets of markings are superposed. [Courtesy of the Turk ve Islam Eserleri Muzesi, Istanbul.] 
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thereafter, and at mid-afternoon. The beginnings of the permitted intervals for the daylight 
prayers are defined in terms of shadow lengths, and the corresponding times for the night 
prayers are defined in terms of sunset and twilight phenomena. Most astrolabic plates for 
specific latitudes show special markings for the prayers at mid-afternoon, nightfall and 
daybreak, and the times of midday and sunset are easily determined with an astrolabe anyway. 
See Fig. 4.5.1 and IV-7.3 and also Fig. 6.4.3 on a quadrant with unusual astrolabic markings 
for times of the day with religious significance. 

Also it is the duty of every Muslim to face Mecca during prayer, and it is thus required to 
know the direction of Mecca from any locality. At least for the scientists, this involved 
calculating the direction from the latitudes and the longitude difference (Vila). By medieval 
standards, the formula for finding the qibla is complicated in the extreme; however, correct 
formulae were derived already in the 9 th century. Especially in the Eastern Islamic world, 
astrolabists after about the 13 th century engraved lists of localities together with their latitudes, 
longitudes, and qiblas on the maters of their astrolabes, or palettes of qibla directions in a 
quarter-circle: see Fig. XIIIa-6.1b. After the 16 th century the latter were replaced by graphs 
displaying a family of curves representing the altitude of the sun throughout the year when 
the sun is in the direction of Mecca in various places: see Fig. 4.5.3, 

None of these specifically Islamic aspects of astronomy in general, or of instrumentation 
in particular, had any influence in medieval Europe beyond Spain, for obvious reasons. 

On certain kinds of markings for the prayers see Viladrich, “Prayer Curves on Iranian Astrolabes”, 
and Charette, Mamluk Instrumentation, pp. 170-179. On the markings for the qibla on the backs and 


—^ 

Fig. 4.5.1: A plate from an ll th -century AndalusI astrolabe (#118) displaying curves for the zuhr (A: shadow 
increase over midday minimum equal to one-quarter of the length of the gnomon), the beginning of the c asr 
(B: shadow increase equal to the length of the gnomon), and the end of the c asr (C: shadow increase equal to 
twice the length of the gnomon), amidst curves for each seasonal hour of daylight from 1 to 12. Since the times 
of the prayers are here defined by means of shadow increases, they therefore no longer correspond to their original 
definitions in terms of the seasonal hours. There are also markings at 18° above the horizon for the night-time 
prayers (D: nightfall, for the c isha\ and E: daybreak, for the fajr). The plate serves latitude 40°, and Toledo, 
Talavera, Azerbeijan and Akhlat are specifically mentioned. [Courtesy of the Museum of the History of Science, 
Oxford.] 

Fig. 4.5.2: The back of an astrolabe made by Hamid ibn Mahmud al-Isfahanl in 547 H [= 1152/53] (#4) with 
the upper two quadrants showing the solar altitude at the beginning of the zuhr and c asr prayers as functions 
of the solar altitude. The markings on the left serve 32;25°, which is for Isfahan, and those on the right are 
for latitude 36°, which could serve Rayy or simply the middle of the 4 th climate. Below the horizontal diameter 
are astrological markings, and the juxtaposition of these with markings for the prayers is not without interest. 
[Object in the collection of Leonard Linton, photo from the archives of the late Alain Brieux, courtesy of 
Dominique Brieux.] 

Fig. 4.5.3: The markings on this quadrant on the back of this Safavid astrolabe (#18), made in Isfahan in 1057 
H [= 1647/48] by Muhammad Muqlm al-Yazdl for Shah c Abbas II, display the altitude of the sun in the qibla 
of various localities for all solar longitudes. It is not known who first conceived of preparing graphical 
representations of this particular function, but solar scales of this kind for other functions had been introduced 
in the 10 th century. [Courtesy of the Museum of the History of Science, Oxford.] 

Fig. 4.5.4: Markings indicating the direction of Mecca and Kerbela from an unspecified locality on the back 
of a late Iranian astrolabic plate (#4203). The markings on the front (see Fig. 4.1.6) are for latitude 36°, which 
enables us, using medieval coordinates, to identify the locality in question as Hamadan. [Courtesy of the National 
Maritime Museum, Greenwich.] 
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4.5.3 


4.5.4 
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Fig. 4.5.5: Baghdad and Kufa amongst the stars on an astrolabe rete made by the Shi'T astrolabist c Abd al-A’imma 
in Isfahan ca. 1700 (#4225). Behind the fantasy was an unshakable belief in the sanctity of those cities. [Photo 
courtesy of Christie’s of London.] 


occasionally on the plates of Iranian astrolabes, see King, Mecca-Centred World-Maps, pp. 104-108 
and 186-193. 


4.6 Astrological markings 

Already the astrolabe of al-Khujandl has two kinds of markings for astrological purposes. Firstly, 
there are plates for performing the astrological operation known as “casting the rays”. Secondly, 
there are astrological tables engraved on the back showing the “terms” of the zodiacal signs, the 
“lords of the faces”, and the planets associated with triplicities (Figs. XIIIc-9b, also X-4.7.3), 
Similar tables are found on the back of the astrolabe of al-Ashraf, and these correspond to those 
illustrated in his treatise on astrolabe construction (Figs. XIVa-2.2 and 3.1). Fig. 4.6.1 shows 
these latter markings on the back of a monumental astrolabe from early-13 th -century Damascus. 

On the astrological data on the backs of certain Islamic astrolabes see Hartner, “Astrolabe”, A, pp. 304- 
307; King, “Kuwait Astrolabes”, pp. 87 and 89, now in XIIIc-9, and idem , “Yemeni Astrolabe”, pp. 106- 
107, now in XIVa-2, On the astrological plates found in certain astrolabes in and after the 10 th century see 
Merce Viladrich & Marti, “El Libro dell Atagir ”, and also North, Horoscopes and History , pp. 1-69. See 
also Calvo, “La resolution graphique des questions astrologiques”. 
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Fig. 4.6.1: Astrological markings on the back of the Oxford astrolabe (#103) of c Abd al-Karlm al-Misrl, made in 
Damascus in 625 H [= 1227/28]. This kind of information was also available in astrological handbooks. With an 
astrolabe one can determine the basis of a horoscope, that is, determine the ascendant and the longitudes of the 
astrological houses. But then one needs an ephemeris ( taqwim ) to find the positions of the sun, moon and five 
planets, insert them in the appropriate houses, and establish their (supposed) mutual influences. The markings on 
the London astrolabe (#104) by the same maker have been studied in detail in Hartner, “Astrolabe”, A, pp. 2547- 
2550 (pp. 304-307 of the reprint). [Taken from Gunther, Astrolabes , pi. LIV; object in the Museum of the History of 
Science, Oxford.] 
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4.7 Additional markings 

A set of scales for finding the solar longitude from the date in any one of the solar calendars 
(Syrian, Iranian, Coptic or “Western”) is a feature on the backs of certain Eastern astrolabes and 
virtually all Western Islamic instruments. It seems fairly certain that this is an Andalusl contribu¬ 
tion. The question remains whether it was originally part of a hypothetical Roman tradition that 
became known in Spain before it even entered Muslim circles (see XIIIa-9). In any case, the 
medium for transmission to the Islamic East is perhaps the treatise on the astrolabe by the Andalus! 
Abu T-Salt ca. 1000, compiled whilst he was in prison in Egypt. In this (MS London Or. 5479,1, 
naskhl, Egypt ca. 1200, fols. 4v-6r), he presents both a table of the solar longitude to the nearest 
degree for each day of the Syrian year, and then advocates the construction on solar and calendrical 
scales for the Syrian or the Coptic year on the back of the astrolabe. This is the earliest mention of 
such a procedure known to me. It is significant that he does not mention the Western Andalusl 
calendar, and also that his treatise was influential in the Islamic East (see XHIe addendum). 

Sometimes, extensive calendrical scales were included on Western Islamic instruments: see 
Fig. 4.7.2, Also astrological information was occasionally engraved on the mater or back: see 4.6 
and Fig. 4.7.3. The other markings introduced by Muslim astrolabists on the backs of astrolabes 
were shadow scales and trigonometric and/or horary quadrants: see again Fig. 4.7.3. The latter are 
best considered separately—see 6. 



Fig. 4.7.1: Scales displaying the solar longitude as a function of the date in one of the solar calendars are rare on 
Eastern Islamic instruments, but common on Western Islamic and medieval European instruments. At least on the 
Islamic instruments, these scales are accurately constructed and can be used to date the instrument in question, 
although Islamic instruments are usually dated. Here, on the spectacular astrolabe of Ibn al-Sarraj (#140), the scales 
are concentric and serve the Syrian calendar. The equinox is at Adhar 10, which corresponds to the 17 th century, 
whereas the astrolabe was made in 729 H [= 1328/29]. It is not clear what is going on here: see further XIVb-5.1. 
With medieval European instruments there is a severe problem, since the scales are often for an epoch other than the 
date of construction of the instruments, which are not dated. [Courtesy of the Benaki Museum, Athens.] 
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On calendrical scales, albeit on European instruments see, most recently, G. Turner, “Dating 
Astrolabes”. On shadow-scales see now XIIa-A. 



Fig. 4.7.2: On the back of this astrolabe by Abu Bakr ibn Yusuf, made in Marrakesh in 605 H [= 1208/09] (#124), 
we find more than the standard solar and calendrical scales. Inside the latter, there is a kind of perpetual calendar, 
enabling the user to find the day of the week from the date within a 28-year solar cycle: see also Fig. XIIIa-10.2b. 
The new description by Francis Debauvais and Paul Andre Befort in Strasbourg Astrolabe Catalogue includes 
details of the Latin additions not visible on Samis’ original illustration. [From Sarrus, “Astrolabe marocain”.] 
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Fig. 4.7.3 The back of the astrolabe made by Badr, mawla of Hibatallah al-Asturlabi, in 525 H [= 1130/31] 
(#2557) is also in the tradition of al-Khujandl (see Fig. 4.1.1 for the front). Above the horizontal diameter is 
a quadrant of trigonometric markings and an horary quadrant for latitude 36°, which is probably intended to 
serve Rayy, but maybe simply for the middle of the 4 th climate. Below we find the same kind of astrological 
information as on the astrolabes of al-Khujandl (see Fig. XIIIc-9.2) and c Abd al-Karlm al-Misrl (Fig. 4.6.1). 
[Courtesy of the Adler Planetarium, Chicago.] 
















CHAPTER 5 


NON-STANDARD ASTROLABES 


5.1 Non-standard retes 

The northern and southern halves of the ecliptic project into dissimilar arcs of the ecliptic on 
the rete of the standard astrolabe. This fact motivated several astronomers in the 9 th and 10 th 
centuries to devise highly ingenious retes on which the two halves of the ecliptic were 
represented symmetrically. Such astrolabes required special kinds of plates, and the compilation 
of treatises on their use called for considerable ingenuity on the part of their inventors—see 
Fig. 5.1.1. Most of these different instruments were probably constructed in no more than a 
few examples, and only one such astrolabe is known to have survived, a ‘myrtle’ astrolabe 
made by c All ibn Ibrahim al-Jazzar in Taza (now in Morocco) in the year 728 H [= 1327/28] 
and now preserved in Oxford. In this, the northern and southern parts of the ecliptic are now 
similar (Fig. XIIId-6), but we are here dealing with a Western Islamic innovation rather than 
an Eastern Islamic one. A single plate from an Eastern Islamic astrolabe of the 10 th or 11 th 
century with ‘ogival’ markings is preserved for us (Fig. XHIc-lOa) as well as a 13 th -century 
astrolabic plate from Syria (Fig. XIVb-3). A small Italian astrolabe from ca. 1300 derives from 
an Islamic tradition of providing a myrtle-shaped ecliptic together with a set of plates for the 
seven climates (Figs. XHId). A 14 th -century geared astrolabe from N. France has a rete and 
plate for a northern projection (Fig. 5.4.3), such as were made in the Islamic East in the 9 th 
and 10 th centuries, if not often thereafter (no Islamic examples survive). 

Of considerable historical interest is a non-standard astrolabe devised by Habash al-Hasib 
in the mid 9 th century and known to us only from manuscripts. This is the so-called ‘melon’ 
astrolabe, in which the meridians on the sphere are projected into radii through the south pole 
in the tangential plane (Fig. 5.1.2), The ecliptic and the altitude circles are no longer circular, 
hence the name of the astrolabe. The astrolabic projection described by the 10 th -century scientist 
al-Saghanl of Baghdad is also of great mathematical interest: it yields an ecliptic in the form 
of an ellipse and altitude circles that are a variety of conic sections. 

Another early variety of astrolabe in which the astrolabic markings for a specific latitude 
and the projection of the ecliptic and stars are all on a single astrolabic plate is known from 
textual sources and two examples, of which one is shown in Fig. 5.1.3. 

On the development of different varieties of astrolabe retes see Frank, Zur Geschichte des Astrolabs. 
Richard Lorch has prepared for publication a study of al-SijzI and al-Blrunl on non-standard astrolabe 
retes. See already Lorch, “Mischastrolabien”, and also idem, “Al-Saghanl on Projecting the Sphere”. 
On the melon astrolabe see now Kennedy & Kunitzsch & Lorch, Melon Astrolabe, also Charette, 
Mamluk Instrumentation, pp. 81-83. 
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Fig. 5.1.1: Some non-standard astrolabe retes illustrated in the A-Z on spherical astronomy and instruments by 
the 13 th -century Cairo-based astronomer of Moroccan origin Abu c All al-Marrakushl. It was supposed until 
recently that such astrolabes were probably never actually made, but now we have the treatise of al-Sijzl (Jl . 
975) describing the various types and mentioning the names of those who invented them and to whom examples 
were presented. It is now clear that aspects of this tradition passed to Europe, but the details of transmission 
are obscure indeed. [From MS Cairo Dar al-Kutub K 3821, fols. 216v-217r, courtesy of the Egyptian National 
Library.] 



Fig. 5.1.2: The projection underlying the construction of the “melon” astrolabe, as well as a reconstruction of 
the rete and a plate. In the Middle Ages, such an astrolabe would have simply been thrown out as incompetently 
made. Nowadays, it would be dubbed a fake by would-be experts. [From Kennedy & Kunitzsch & Lorch, Melon 
Astrolabe , pp. 3, 69 and 144, with permission of the authors.] 
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Fig. 5.1.3: A “solid” ( mujammad) astrolabe made by ‘Umar ibn Dawlatshah al-Kirmanl in 726 H [= 1325/26] 
(#4033). The “rete” is already engraved over the makings for a specific latitude, in this case, 36°, and the radial 
rule with a declination scale is missing. Note that the ecliptic scale around the rim is appropriately divided 
according to the right ascensions. [Object in the collection of Leonard Linton, photo from the archives of the 
late Alain Brieux, courtesy of Dominique Brieux.] 


5.2 The universal plate and universal astrolabe 

In Baghdad in the mid 9 th century, Habash devised a plate with markings representing the 
horizons of various localities. He noticed that the problems relating to risings, culminations 
and settings of celestial bodies could be solved for all latitudes using such a plate and a rete 
displaying the ecliptic and fixed stars. This notion was developed further in Toledo in the 11 th 
century. Muslim astronomers there developed a universal plate from the markings on an 
astrolabic plate for latitude zero and thence an astrolabe that would function for all latitudes 
with a single plate. 

The astronomer Ibn al-Zarqalluh (d. ca. 1100), known in the West as Azarquiel, appears to 
have developed the universal plate called al -shakkaziyya with a regular alidade, with which 
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Fig. 5.2.1: A shakkaziyya plate as illustrated in the 13 ,h -century Libros del saber de I’astronomia. The grid was 
labelled shakkaziyya by its inventor, Ibn al-Zarqalluh, and the origin of its name is obscure. [From the printed 
edition.] 


some of the problems of spherical astronomy can be solved only approximately. He also devised 
the plate called al -zarqalliyya which consisted of two shakkaziyya grids inclined at an angle 
equal to the obliquity; the alidade is now equipped with a movable cursor and the combination 
serves only to convert between ecliptic and equatorial coordinates. See Figs. 5.2.1-2, 

The shakkaziyya plate is found on a minority of European astrolabes from the 14 th century 
onwards. In medieval Europe it was called “ saphea ”, from the Arabic safiha, “plate”. See Fig. 
5.2.3 for a Renaissance example from 16 th -century Louvain. 

The astronomer c All ibn Khalaf al-Shajjar, a contemporary of Ibn al-Zarqalluh, developed 
a more sophisticated and more useful instrument. Taking the basic notions—that the 
shakkaziyya plate could be used to represent in two dimensions any orthogonal spherical 
coordinate system, and that two such plates superposed one upon the other could be employed 
to solve any problem of coordinate transformation, which problems are the essence of spherical 
astronomy—to their natural conclusion, he invented the universal astrolabe. His instrument is 
known only from the 13 th -century Andalusi compilation entitled Libros del saber de astronomia : 
the rete consists of one semicircle of shakkaziyya markings and another comprising an ecliptic 
and star-pointers with northern and southern halves of the ecliptic superposed one upon the 
other, and the plate is a shakkaziyya grid. Only one such astrolabe survives, curiously enough 
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Fig. 5.2.2: A zarqalliyya made in Damascus by 'Abdallah ibn Yusuf in 695 H [= 1295/96] (#102). The same 
maker also signed another instrument of this kind two years earlier, but is otherwise unknown to us. The grid 
consists of two sets of shakkaziyya markings inclined at an angle equal to the obliquity of the ecliptic. [Courtesy 
of the Victoria and Albert Museum, London.] 

from 17 th -century India: the rete was auctioned at Christie’s of London in 1995 and the mater 
was identified at an art dealer’s in Germany in 2000 (see now XlVg). The design of the rete 
indicates that it was copied, not necessarily directly, from a rete by Ibn al-Sarraj (see below). 

The universal astrolabe of c Al! ibn Khalaf and his treatise on its use do not seem to have 
been known in the Muslim world outside al-Andalus. The same instrument was ‘reinvented’ 
in the early 14 th century by Ibn al-Sarraj in Aleppo, and a unique example designed and 
constructed by him survives in the Benaki Museum in Athens—see Fig. 5.2.4, In his treatise 
on a simplified version of the instrument he claims to have invented it himself, and this there 
is no reason to doubt. But the surviving astrolabe of Ibn al-Sarraj is far more complicated and 
sophisticated than that of ‘All ibn Khalaf or the same instrument described in Ibn al-Sarraj’s 
treatise: it contains a set of quarter-plates for all latitudes, a plate of horizons for all latitudes, 
and other features such as a universal trigonometric grid; indeed, the instrument can be used 
universally in five different ways. It is without doubt the most sophisticated astronomical 
instrument from the entire medieval and Renaissance periods: see further XIVb-5.1. 

The universal astrolabe of ‘All ibn Khalaf was ‘reinvented’ once again in England in the 
late 16 th century, this time by John Blagrave. He was not aware of the more complex and more 
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Fig. 5.2.3: A device for converting spherical coordinates from any system into any other. The problems of 
spherical astronomy involve such conversions between the ecliptic, equatorial and horizon-based systems. It was 
Ibn al-Zarqalluh who advocated the use of an alidade with a movable transversal cursor—here developed further 
into a brachiolus —to facilitate operations. This particular shakkaziyya occurs on an astrolabe by Arsenius 
(Flanders, 16 th century), and although no instruments by Ibn al-Zarqalluh survive, instruments made with this 
kind of precision were being made by Muslim astronomers in the 13 th century. [Courtesy of the Science Museum, 
London.] 


versatile instrument of Ibn al-Sarraj, and it is doubtful whether he would have known what 
to do with it even if he had been. 

In the early 14 th century the theologian, mathematician and astronomer Abu c All al-Hasan 
ibn Muhammad ibn Baso of Granada devised a brilliant modification of the shakkaziyya grid 
for use with a standard astrolabe rete. On this each one of three sets of circular markings is 
associated with a specific astronomical argument (declination, altitude, etc.) depending on the 
problem to be solved. Each of the zarqalliyya and shakkaziyya plates and the plate of Ibn Baso 
were also known in the Muslim East. 

On the universal astrolabe and plate see King, “Universal Astrolabe”, and my article “ Shakkaziyya ” 
in EI V and the earlier studies of J. Millas Vallicrosa including: “Azarquiel sobre la azafea”; Don Profeit 
Tibbon sobre Vassafea ; Azarquiel ; and “Azafea arabe”. Important new studies are Puig, Al-Sakkazlya; 
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Fig. 5.2.4: The most sophisticated astrolabe ever made. The universal astrolabe of Ibn al-Sarraj, made in 729 
H [= 1328/9] in Aleppo (#140), merits such a description: it can be used universally in five different ways. The 
first universal astrolabe was invented by c All ibn Khalaf in al-Andalus in the late 11 th century and (like the 
virtually identical “Mathematical Jewel” of John Blagrave of Reading in the 16 th century—see Fig. 5.2.5) was 
capable of being used universally in two different ways. However, Ibn al-Sarraj seems to have reinvented the 
instrument, and he certainly developed it further. But the use of this particular astrolabe in all of its potential 
would have been beyond most astronomers in the Islamic world, and indeed beyond most in Renaissance Europe. 
[Courtesy of the Benaki Museum, Athens.] 
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Fig. 5.2.5: One of the finest instruments of Elizabethan England: a universal astrolabe of the kind known as 
“mathematical jewel” designed by John Blagrave, made by Charles Whitwell in 1595 (#482). There are 700 years 
of development behind Blagrave’s instrument. The full myrtle ecliptic was designed in Baghdad in the 9th century. 
The simple universal astrolabe was designed in al-Andalus in the 11 th century. A calendrical scale was proposed for 
the front of the simple universal astrolabe in a treatise by Ibn al-Sarraj, Aleppo, early 14th century. The medieval 
European tradition of the universal astrolabe is obscure. Perhaps Blagrave did develop it independently, but this 
seems unlikely. This piece was taken to Florence by Sir Robert Dudley in 1606. See further G. Turner, Elizabethan 
Instruments , pp. 187-190 (no. 43). On Blagrave’s treatise, see Gunther, Astrolabes , II, pp. 492-500 (no. 308). 
[Courtesy of the Museo di Storia della Scienza, Florence.] 


eadem , “Safiha shakkazlya ”; eadem , Azafea de Azarquiel , and eadem , “Instrumentos universales en 
al-Andalus”. On the orthogonal-type markings on the back of the zarqalliyya see eadem , “Ibn al- 
Zarqalluh’s Orthographic Projection”; and on the highly ingenious ‘circle of the moon’ see eadem , 
“Al-Zarqalluh’s Graphical Method”. There is a dire need for the first serious study of the universal 
astrolabe: this is now being undertaken by Professors Roser Puig and Emilia Calvo in Barce¬ 
lona. 
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Fig. 5.2.6: The universal plate of Ibn Baso, as found 
on one of a set of plates inside an astrolabe (#1203) 
made by his son, Ahmad ibn Husayn ibn Baso in 709 
H [= 1309/10]. [Private collection, photo courtesy of 
the owner.] 


Fig. 5.2.7: A similar universal plate on an astrolabe 
from either Vienna or Nuremberg (#545). The relation¬ 
ship of this to the plate of Ibn Baso has yet to be inves¬ 
tigated. [Courtesy of Special Collections, Columbia 
University, New York.] 


On Ibn Baso and his universal plate see Calvo, Ibn Baso and his Universal Plate\ eadem , “Ibn Baso’s 
Universal Plate”; and eadem , “The Use of Ibn Baso’s Universal Plate”. On another ingenious 
trigonometric device, see eadem , “Ibn Baso’s Saflha mujayyaba”. 

On a 13 th -century Mamluk universal instrument see King, “The Astrolabe of c Ali al-WadaT”, in 
idem , Studies , B-VIII, now in XIVb-3. On the 14 th -century Benaki astrolabe of Ibn al-Sarraj see King, 
“The Astronomical Instruments of Ibn al-Sarraj”, in King, Studies , B-IX, and now XIVa-5.1, but more 
especially Charette & King, The Universal Astrolabe of Ibn al-Sarraj (forthcoming). 

On an Indian universal astrolabe based on another, less complicated universal astrolabe of Ibn al- 
Sarraj, see Christie's London 04.10.1995 Catalogue , pp. 20-21, lot 61 (rete), and 05.04.2001 Catalogue , 
pp. 43-45, lot 32 (mater), and now XlVg. On two large zarqalliyyas from India see respectively my 
description in Christie's London 24.9.1992 Catalogue , pp. 48-49, lot 119 (91 cm diameter), and Sarma, 
“The Saflha Zarqaliyya in India”, (diameter 55.5 cm, with the original markings of Ibn al-Zarqalluh’s 
zarqalliyya on the back). On the European tradition see Poulle, “Saphea”, and, most recently, Moreno 
et al. , “Spanish Universal Astrolabe”. 


5.3 An astrolabe engraved with astronomical tables and fitted with an equatorium 

One unusual astrolabe devised by Abu Ja c far al-Khazin in Baghdad in the late 10 th century 
contained, in addition to at least one standard astrolabic plate, a series of additional plates 
(safaih) bearing various astronomical tables of the kind usually found in astronomical 
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Fig. 5.3.1: Part of the mater of the astrolabe engraved with astronomical tables after the model of Abu Ja c far 
al-Khazin and made by Hibatallah al-Asturlabl in 513 H [= 1120-21] (#3633). [Photo courtesy of the late Alain 
Brieux, Paris.] 



Fig. 5.3.2: An illustration of part of the 
astronomical tables that should be engraved on 
the zlj al-safaih , from the unique copy of the 
treatise by Abu Ja c far al-Khazin. [From a 
manuscript in Srinagar (fol. 94r), courtesy of 
Prof. S. M. Raza Ansari.] 
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handbooks (zf/es). It has been known for some time that al-Khazin wrote a book to be used 
alongside his instrument for several later Muslim astronomers of consequence referred to it, 
but this was apparently no longer extant. A unique example of his Zij al-safaih, constructed 
by the celebrated early-12 th -century astrolabist Hibatallah, was preserved in Munich until 1945, 
but apparently only photographs of it survived World War II and the first publication in 1980 
was based on these. In the early 1990s a copy of the treatise was identified in a library in 
Srinagar, Kashmir, and in the mid ’90s the instrument of Hibatallah was rediscovered in a vault 
in the Museum fur Indische Kunst in Berlin, and is now housed in the Museum fur Islamische 
Kunst. The treatise is a gold-mine and the instrument has more components than shown by 
the old photos. For example, an inscription on a set of planetary tables engraved on the mater 
informs us that the tables are based “on the observations of Habash, the two sons of Musa 
(ibn Shakir), and Sanad ibn c All”. More work needs to be done on these exciting materials. 

On the astrolabic zij of al-Khazin and the associated treatise see the article “Al-Khazin” by Julio Samso 
in EI 2 , esp. p. 1182b; idem, “Zij al-safaih and Samso, “al-Blrunl in al-Andalus”, esp. pp. 594-601 
and 611-612. On the instrument of Hibatallah see King, “Zij al-Safaih". A most welcome preliminary 
study of the contents of the Srinagar manuscript, or rather, on those parts of it that are to be found 
on the only available microfilm, is Calvo, “Treatise on the Zij al-Safaih”. 




b 


Figs. 5.4.1a-b: The back of an astrolabe from 13 th -century 
Isfahan (#5) which displays a luni-solar dial and the 
appropriate phase of the moon above. This is achieved by 
the gear mechanism inside the device. [Photo courtesy of 
the Museum of the History of Science, Oxford.] 
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Fig. 5.4.2: The mechanism described by al-Blrunl in 
his book on astrolabe construction to reproduce the 
solar and lunar motions, as in the later astrolabe 
shown in Figs. 5.4.1a-b. But there is textual evidence 
that Islamic gear-work reached a much higher level 
than this. [Taken from MS Istanbul Topkapi Ahmet 
III 3505, fol. 212r, courtesy of the Topkapi Museum 
Library.] 



Fig. 5.4.3: A French geared astrolabe from ca. 1300 
(#198). Proof of original Islamic influence is the 
northern projection used on the rete and plates as well 
as the horary quadrants for specific latitudes on the 
back (see Fig. 6.3.2). [Courtesy of the Science 
Museum, London.] 


5.4 Geared astrolabes and astronomical clocks 

A unique example of an astrolabe fitted with a geared mechanism for reproducing the relative 
motions of the sun and moon survives from 13 th -century Isfahan, made by the highly-competent 
and innovative Muhammad ibn Abl Bakr al-Rashidl al-Ibrl (Figs. 5.4.1a-b). We also possess 
an account of a similar mechanism by the early-1 l th -century scholar al-Blrunl (Fig. 5.4.2), and 
various earlier treatises survive but have not been studied yet. The precise relationship of this 
kind of mechanism to earlier Greek and Byzantine devices, as well as to later European ones 
(Fig. 5.4.3), remains to be established. Some Italian texts of the early 14 th century, if not earlier, 
provide evidence of the design of astronomical clocks of a highly complex variety with 
extensive gear mechanisms to reproduce solar, lunar and planetary motions. They seem to 
represent an Islamic tradition for which we have no evidence from the Islamic world itself. 
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c 

Fig. 5.4.4a-c The astrolabic clock in the Qara- 
wiyyln Mosque in Fez (#4042). The original 
clock was constructed by Muhammad al-Hab- 
bak in 685 H [= 1286/87], and this is a replace¬ 
ment. At the hours, balls used to roll out of the 
appropriate holes in the frame above the clock 
and thence to the associated construction in the 
market outside the Mosque. I do not know 
whether the ensemble has been restored so that 
it functions again. [Photos from the achives of 
the late Alain Brieux, Paris, courtesy of Domi¬ 
nique Brieux.] 
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It is known, however, that in 1232 ambassadors of the Ayyubid Sultan al-Ashraf presented 
to the Emperor Frederick II, whilst in Southern Italy, a kind of planetarium which had “within 
itself the course of the planets”. 

A large device for timekeeping resembling an astrolabe was seen by a 14 th -century historian 
in the home of the contemporary Damascene astronomer Ibn al-Shatir, and the face of a water- 
driven astrolabic clock originally made in Fez in the late 13 th century survives (in a later 
replacement) to this day: see Figs. 5.4.4a-c, These two instruments and a text in the Libros 
del saber are testimonials to an Islamic tradition on which we have virtually no other 
information. An inscription preserved in Palermo mentions a majana ma‘a asturlabiha, “a 
waterclock with its astrolabe”, apparently made for a Merinid Sultan in 1363. 

On al-Blruni’s description of a gear mechanism (first studied by Eilhard Wiedemann) see now Hill, 
“Al-Blruni’s Mechanical Calendar”. On al-Isfahanl’s geared astrolabe and the unsigned French geared 
astrolabe see also Gunther, Astrolabes, I, pp. 118-120 (no. 5), and II, p. 347 (no. 198). On the astrolabic 
clocks in Damascus and Fez see the article “Ibn al-Shatir” in DSB (esp. p. 362), and especially Price, 
“Fez Water Clocks”, and Mayer, Islamic Astrolabists, p. 67. On the 14 th -century Italian sources based 
on Islamic originals, see North, “ Opus quarundam rotarum mirabilium ”. On water-driven clocks see 
Hill, Arabic Water-Clocks, and on some Iranian clocks see King, Mecca-Centred World-Maps, pp. 289- 
292, and the references there cited. 


5.5 The spherical astrolabe 

An Islamic development of the planispheric astrolabe was the spherical astrolabe, an instrument 
in which a spherical frame bearing markings representing the ecliptic and fixed stars could 
be rotated over a sphere with markings for the horizon and altitude circles of any locality and 
the hours—see Fig. 5.5.1, The instrument has the advantage over the planispheric astrolabe 
that it was universal, that is, it can be used for any latitude. A series of treatises was written 
on the instrument between the 10 th and 17 th centuries, but it does not appear to have been widely 
used, and just two examples survive, only one of which is complete. 

On the spherical astrolabe see Seemann, Das kugelformige Astrolab; and Lorch, “The sphaera solida 
and Related Instruments”. On the two surviving examples, see Maddison, “15 ,h -Century Spherical 
Astrolabe”, and Canobbio, “Fragment of a Spherical Astrolabe”. See also Pellat, “L’astrolabe spherique 
d’al-Rudanl”, and Janin, “Ar-RudanI sur l’astrolabe spherique”, as well as Poulle, “L’astrolabe 
spherique dans 1’ Occident latin”. 


5.6 The linear astrolabe 

The ingenuity of the mathematician Sharaf al-Dln al-Tusl (//. Iran, ca. 1200) was such that 
he conceived a linear astrolabe, appropriately called ‘asa ’l-Tusi, that is, “al-Tusl’s baton”. His 
instructions on the use of the instrument, as reproduced by the 13 lh -century Cairo astronomer 
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Fig. 5.5.1: The sole surviving complete Islamic spherical astrolabe 
(#8001), made somewhere between Egypt and Iran in the year 885 
H [= 1480/81] by a man who identifies himself simply as “Musa”. 
It is still a matter of debate whether this instrument was developed 
from the celestial sphere or from the planispheric astrolabe. The 
spherical astrolabe was not widely used, no doubt because of the 
difficulty involved in its construction. Also, although it is described 
in the 13 th -century Libros del saber , it was apparently not introduced 
to the Latin West. [Courtesy of the Museum of History of Science, 
Oxford.] 


Fig. 5.6.1: The scales for a linear astrolabe 
illustrated in a copy of a treatise on the 
instrument by the 12 th -century mathemati¬ 
cian Sharaf al-Dln al-TusI. Essentially the 
markings represent those on the meridian 
of a standard astrolabe plate, and two 
threads with movable beads that are at¬ 
tached at various significant points along 
the meridian replace the rete. The resulting 
“slide-rule” can be used to solve all the 
standard astrolabe problems but only for 
a specific latitude. The instrument was 
known in al-Andalus but was apparently 
not transmitted to Europe. [From MS Istan¬ 
bul Topkapi Ahmet III 3505,2, courtesy of 
the Topkapi Museum Library.] 



al-Marrakushl, have been studied; his original treatise has not. The instrument consists of a 
series of scales marked on a baton representing the meridian for a specific latitude—see Fig. 
5.6.1, Two of the scales represent the intersections with the meridian of the altitude circles 
and the concentric circles representing the stereographic projections of the zodiacal signs; the 
basic idea is that any circle on the standard planispheric astrolabe can be represented on the 
baton by the position of its centre and its radius. Threads are attached to the baton, and with 
these and the various scales one can perform the standard operations of an astrolabe. Angles 
are measured by means of an additional scale of chords. The device is brilliant in its conception 
but impractical, and no examples are known to have survived. 
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Fig. 5.7.1: An instrument based on a horizontal stereographic projection, 
from Najm al-Dln’s treatise. The instrument is labelled musatara , a term 
whose meaning is obscure, and the author proposes two types, one for day 
and the other for the night. On different, less successful, AndalusI tradition 
see Casulleras, “AndalusI Sundial”. [From MS Dublin CB 102, fol. 73r, 
courtesy of the Chester Beatty Library.] 


Fig. 5.7.2: One of several instru¬ 
ments of the same kind illustrated 
in Renaissance treatises, this one 
by Peter Apian ca. 1540. [From 
Janin, “Projection horizontale”, 
p. 306; see also Rottel. ed., Peter 
Apian , pp. 240-243.] 


On the linear astrolabe see Carra de Vaux, “L’astrolabe lineaire”; Michel, “L’astrolabe lineaire”, also 
idem , Traite de Vastrolabe , pp. 115-123; and Puig, “El astrolabio lineal en al-Andalus”. 


5.7 Horizontal orthogonal projections 

Another rare device was an instrument bearing an orthogonal projection of the celestial sphere 
in the plane of the horizon of a specific latitude. The projection might display altitude circles 
(concentric about the zenith), declination curves (projections of the day-circles of the sun for 
each, say, 30° of solar longitude), and hour-angle curves. A solar longitude scale can be placed 
about the east and/or west points, indicating also the corresponding directions of sunrise (that 
is, the solar rising amplitudes). It is of less practical use than a combination of an ecliptic ring 
and standard astrolabe plate, and is best used for finding the hour-angle from a given solar 
altitude. Such an instrument is also featured by the Mamluk astronomers al-Marrakushl and 
Najm al-Dln al-Misrl: see Fig. 5.7.1 and also Fig. 5.7.2 for a Renaissance European example. 
A related, but less serious instrument is called a sundial by the AndalusI Ibn Khalaf al-Muradl: 
see 7.2. 

See Janin, “Projection horizontale”; and Charette, Mamluk Instrumentation , pp. 87-94. 


















CHAPTER 6 


QUADRANTS 


There are essentially four varieties of Islamic quadrant: 

(1) the trigonometric quadrant, for solving numerically problems of trigonometry, usually 
those deriving from spherical astronomy; 

(2) the horary quadrant, for reckoning time by the sun; 

(3) the astrolabic quadrant, developed from the astrolabe; and 

(4) the universal shakkazl quadrant, for solving problems of spherical astronomy for any 
latitude. 

Each of these was invented by Muslim astronomers. The early history of the different kinds 
of quadrants has only recently been investigated for the first time, and the problems associated 
with their transmission to Europe now have to be considered afresh. 

On the quadrant in Islam see already Schmalzl, Zur Geschichte des Quadranten bei den Arabern, 
(contains a useful glossary of Arabic terms on pp. 133-138); and the overview in the article “Rub‘” 
in EI r New insights are in Charette, Mamluk Instrumentation. 


6.1 The trigonometric quadrant 

The trigonometric quadrant was developed in Baghdad in the 9 th century and remained popular 
for a millennium. Originally it was devised to solve just one problem: the determination of 
time as a function of solar altitude and solar meridian altitude using an approximate formula 
adequate for low latitudes (that is, up to ca. 36°): see XI-1.2, 2 and XIIa-3. In the 10 th century 
the sine quadrant was developed into a calculating device for all problems of spherical 
astronomy; as such we find it presented in the treatise entitled Zlj al-safaih of Abu Ja c far al- 
Khazin: see Figs. 6.1.1-2. With markings resembling modem graph-paper, fitted with a cord 
attached at the centre of the quadrant and carrying a movable bead, one can solve numerically 
the most complicated problems of medieval trigonometry, such as, for example, the problem 
of determining the qibla for any locality: see Fig. 6.1.4, Often a sine grid of one kind or another 
would be incorporated on the back of an astrolabe. 

On the use of the trigonometric quadrant as described in some of the earliest texts see King, “al- 
Khwarizmi”, pp. 29-31; Lorch, “Sine Quadrant”; and now XI-8.1. On the use of the instrument for 
solving one of the most complicated trigonometric problems confronting Muslim astronomers, see 
King, “al-KhalllTs Qibla-Table”, esp. pp. 109-120. 
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Fig. 6.1.1: The sine quadrant illustrated in a treatise on the zij al-safaih , “the zij on the plates (of an astrolabe)” 
by Abu Ja c far al-Khazin, compiled ca. 950. [From a manuscript in a library in Srinagar, Kashmir, courtesy of 
Professor Raza Ansari.] 



Fig. 6.1.3: The sine quadrant on the back of an ivory quadrant made in Damascus in 741 H [= 1340/41] by 
Abu Tahir (#5009). See Fig. 1.6 for the front. [Courtesy of the Benaki Museum, Athens.] 
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Fig. 6.1.2: The sine quadrants on one plate of the only surviving zlj al-safaih , made by Hibatallah in 514 H 
[= 1120/21] (#3633). [Courtesy of the Museum fur Islamische Kunst, Berlin.] 
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Fig. 6.1.4: Abu ‘All al-Marrakushl (Cairo, ca. 1280), when writing on the sine quadrant, proposed this procedure 
in two stages for finding the qibla from the latitudes of two localities and their longitude difference. One has 
to be adept at entering arguments and zapping about with a bead on a movable thread to convert arcs to sines 
of arcs, and to perform multiplications; these operations are not for the faint-hearted. In the first figure, mark 
AC = 4> m , AD = cj), and FG = AL. Then take AI = cj)+c)) M , and I'J" is made equal to FFI. AJ then measures h, 
the altitude of the zenith of Mecca above the local horizon. In the second figure, we draw arc J"K and the 
perpendicular KL Now from C construct N and NP, then R. Next mark OS equal to MR From J" construct J 
and J' and T, then draw SU to cut quadrant TJ' at U, finally produce OU to Q. Then AQ measures the qibla. 
[From King, “al-Khallll’s Qibla Table”, pp. 118-119, with full instructions and explanations.] 


6.2 The universal horary quadrant 

The horary quadrant bears either a series of markings for the seasonal hours, which are twelfth 
divisions of the length of daylight, or for the equinoctial hours. In the first case, the markings 
serve all latitudes (the underlying formula—already mentioned above—being approximate); 
in the second case, they serve one specific latitude. When one edge of the quadrant is aligned 
towards the sun, a bead on a plumb-line attached at the centre of the quadrant indicates the 
time of day. A text from 9 th -century Baghdad preserved in Cairo describes the horary quadrant 
with both fixed and movable cursor and shadow-box superposed, previously thought to have 
been a much later European invention (the so-called quadrans vetus )—see Fig. 6.2.1, Universal 
horary quadrants of this kind are common on Islamic astrolabes from the 10 th century to the 
19 th . Also they frequently appear on European instruments, even though the underlying formula, 
which had long been forgotten, is not accurate enough in higher latitudes to yield acceptable 
results for the time of day. 

Previous studies of the universal horary quadrant include North, “Astrolabes and the Hour-Line Ritual”, 
(assumes that a solar scale is essential and overlooks the fact that the error is latitude-dependent); Lorch, 
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Fig. 6.2.1: A quadrans vetus (#5502), very popular in Europe from the 12 th century, when the first Latin texts 
on its use appeared, until the 16 th century, but first described in an Arabic treatise from 9 th -century Baghdad. 
The horary markings themselves serve all latitudes, and the calendrical scale to facilitate operations is actually 
superfluous to the underlying mathematical operation. Only one-half of the cursor survives on this instrument. 
See also Fig. XIIa-2c for a complete example. [Courtesy of the Museum of the History of Science, Oxford.] 


“Universal Horary Quadrant”; and Archinard, “Unequal Hour Diagram”, a useful mathematical 
investigation. See now XHa. 


6.3 Latitude-specific horary quadrants 

Two horary quadrants for specific latitudes survive, one from Nishapur and the other from Cairo, 
both from the 13 th century: see Figs. XIIIc-13 and A2. Others are attested on the backs of astrolabes 
from the 10 th century onwards: see Figs. XIIIc-8.1a and 6.3.1, Such markings, in both forms, also 
became popular in Europe: see Figs. 6.3.2-3. More research needs to be done to determine whether 
certain highly sophisticated Ottoman quadrants with different sets of horary markings (Fig. 6.3.4) 
are entirely Islamic in their inspiration (this is my opinion) or reflect some European influence (as 
suggested by Franqois Charette). A simple variety of horary quadrant that I label zodiacal quadrant, 
displaying only solar meridian altitudes or solar altitudes at the afternoon prayer (and from the 
16 th century onwards, also the altitude of the sun when it is in the qibla) was often included on the 
backs of astrolabes from the 12 th century onwards: see Fig. XHIc-IIb. 

On latitude-specific horary quadrants see King, “al-Khwarizml”, pp. 30-31; Viladrich, “Horary 
Quadrants”; and especially Charette, Mamluk Instrumentation, pp. 116-136. 
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Fig. 6.3.1: The back of an Ottoman Turkish astrolabe 
made by c Abdl in 1125 H [= 1713/14] (#1222) which 
displays a universal horary quadrant (lower right) and a 
quadrant specifically for latitude 41°, serving Istanbul 
(upper right). Both of these features, as well as the 
trigonometric quadrant (upper left) and shadow-scales 
(lower left) have a history that can be traced back to 9 th - 
century Baghdad. [Courtesy of the Museum of the History 
of Science, Oxford.] 


Fig. 6.3.2: A double horary quadrant for a specific 
latitude on the back of the French astrolabe (#198) 
shown in Fig. 5.4.3. Such quadrants are described 
in earlier Abbasid and AndalusI texts. [Courtesy of 
the Science Museum, London.] 



Fig. 6.3.3 


Fig. 6.3.4 
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6.4 The astrolabic quadrant 


Considerable mystery surrounds the invention of the astrolabic quadrant. The basic idea is 
simple: since the markings on a standard astrolabe plate are symmetrical with respect to the 
meridian, one uses just half of such a plate engraved on a quadrant (only markings above the 
horizon are incorporated). The rete is replaced by a cord attached to the centre of the quadrant, 
and this carries a bead that can be moved to represent the position of the sun or a fixed star, 
either of which can be found from markings for the ecliptic and star positions that are now 
included on the quadrant itself. The astrolabic quadrant is such a handy device that by the 16 th 
century it had generally replaced the astrolabe in most parts of the Islamic world except 
Morocco on the one hand and Iran and India on the other—see Figs. 1.6 and 6.4.1-2, Most 
surviving astrolabic quadrants are of Ottoman Turkish provenance, although we do have a few 
Mamluk examples from the 14 th century. 



Figs. 6.4.1a-b: One of several astrololabic quadrants by al-Mizzl that survive (#5003), in spite of the fact that 
someone had a good try at destroying it. This is a basic instrument, and Mamluk astronomers made considerably 
more complicated ones: see, for example, Figs. V-9.2-3 and XIVb-6.1. It was made by al-Mizzl in 727 H [= 
1326/27], and has never been illustrated previously. The front of the instrument bears astrolabic markings for 
the latitude of Damascus, 33;30°, and the back bears markings for the Sines and Cosines, as well as radial circles, 
including one for the solar declination, with radius 24 (= Sin e). [Courtesy of The British Museum, London.] 


i — 

Fig. 6.3.3: An ivory horary quadrant for the latitude of Vienna made in 1438 (#5510). On the back there is a 
solar-lunar volvelle. For a survey of instruments made in Vienna in the 15 th century as well as medieval 
instruments preserved in Austrian collections, see King, “Astronomical Instruments between East and West”, 
pp. 183-191. Courtesy of the Kunsthistorisches Museum, Vienna.] 

Fig. 6.3.4: An Ottoman quadrant made by Shukr Zade in 1178 H [= 1764/65] displaying three different kinds of 
horary markings (#5152). At least the outer set is of a kind known already from much earlier Islamic sources. 
[Photo by Prof. Owen Gingerich, courtesy of the Egyptian National Library, Cairo.] 
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Fig. 6.4.2: An astrolabic quadrant for the latitude of 
Tunis, made by Ahmad ibn c Abd al-Rahman al-Dah- 
manl in 854 H [= 1450/51] (#5021). [Courtesy of the 
Museo Arqueologico Nacional, Madrid.] 



Fig. 6.4.3: A Maghribi quadrant from ca. 1700 (#5022) with a curious set of stereographic markings and cryptic 
inscriptions (each limited to a single Arabic letter) that enable the user to find the times of the astronomically- 
defined times of Muslim prayer and the time when the sun is in the direction of Mecca. Investigation of the 
markings in the light of medieval geographical coordinates establishes that it was intended specifically for use 
in Marrakesh. [Courtesy of the Adler Planetarium, Chicago, Ill.] 


Until recently, the earliest known treatises on the use of the astrolabic quadrant were those 
compiled in Syria in the 14 th century. Yet not one of the authors of these treatises claims to 
have invented the instrument. A manuscript preserved in Istanbul deals with the use of the 
astrolabic quadrant: it is of Egyptian origin and is datable to the 12 th century; however, the 
author makes no claim to have invented the instrument: see Fig. 6.4.4, This precious source 
was discovered in the 1970s but is not yet published. 

Studies of individual astrolabic quadrants are Morley, “Arabic Quadrant” (1860); Dom, “Drei arabische 
Instrumente” (1865), pp. 16-26; and, more recently, Fehervari, “Quadrant of al-MizzI”; Janin & Rohr, 
“Deux astrolabes-quadrants turcs”; in Paris IMA 1993-94 Exhibition Catalogue, p. 348, no. 333, and 
pp. 442-443, no. 337, now in XIVb-6.1 and 10. 


6.5 The universal quadrant 

New kinds of trigonometric grids were invented in Syria in the 14 th century as alternatives to 
the trigonometric quadrant, and for these the astronomers who invented them have left us 
treatises on their use. The universal shakkazi quadrant with one or two sets of shakkaziyya grids 
is a singularly useful device: see Fig. 6.5.1, 

A few examples of other grids survive, and they were apparently quite popular in Egypt, 
Syria and Turkey for several centuries. Some of these grids were of very considerable so- 
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Figs. 6.4.4a-c: The title, first page and colophon of the earliest known treatise on the astrolabic quadrant. The 
manuscript was copied some time in the 12 th century (see XIIa-11). The author, an Egyptian, makes no claim 
to have invented the instrument but describes all the features that are common on such instruments, such as an 
additional universal horary quadrant and scale for the solar declination and the altitude of the sun at the c asr prayer. 
[From MS Istanbul Haci Mahmud Efendi 5713, fols. lOv-llr and 34v, courtesy of the Suleymaniye Library.] 


phistication, such as the one on the back of the astrolabe of Ibn al-Sarraj (see Fig. XIVb-5.1b). 
Most of these grids serve the same purpose of providing universal solutions to the problems 
of spherical astronomy: see VIb and some examples in Figs. VIb-8.1-3 and XIIa-6a-b. 

On universal quadrants see Samso & Catala, “Cuadrante sakkazl”, and Samso, “Cuadrante sakkazl”, 
(on the single shakkazl quadrant); and King, “The Shakkaziyya Quadrant of al-Maridim” (on the 
universal shakkazl quadrant). 
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Fig. 6.5.1: A double shakkazi quadrant (#2079) as described by Jamal al-Dln al-Maridln! ca. 1400. This was 
made in Spain ca. 1580 by an instrument-maker in the Louvain tradition. For more information see Madrid FCA 
1997 Exhibition Catalogue, pp. 190-191 (no. A19), and Chicago AP Catalogue, I, pp. 130-132 (no. 36). 
[Courtesy of the Adler Planetarium, Chicago, Ill.] 


6.6 Caveat: the new quadrant of Profatius 

“ ... it is rather complicated, although not impossible, to use the quadrans novus when a more 
precise determination of time is demanded than that obtainable with the ‘universal’ hour lines 
of the quadrans vetus .” Elly Dekker, “ Quadrans Novus” (1995), p. 6. [Dekker, who alas does 
not state how this can be done, omits to mention that it is not possible to determine time 
accurately with the astrolabic markings of the quadrans novus because they are to be used in 
conjunction with the approximate horary markings of the quadrans vetus.] 

It should be mentioned that the quadrans novus of Profatius (Jl . S. W. France, ca. 1300) is 
a bastard device consisting of a universal horary quadrant encumbered by a shadow-square, 
that is, a quadrans vetus, and fitted with a stereographic projection of both the ecliptic and 
a set of horizons superposed on one side: see Fig. XI-8a. On the other side, there may be a 
trigonometric quadrant on the other for solving numerically the kind of problems—such as 
timekeeping using an accurate procedure (!)—which cannot be solved mechanically on the first 
side. This development of this instrument out of the Islamic/European quadrans vetus and 
trigonometric quadrant, and especially the provision of the ecliptic and horizons (albeit without 
the altitude circles of the astrolabic quadrant developed earlier in Egypt), seems to have been 
Profatius’ own idea, and it became quite popular in Europe. It was, however, unknown in the 
Islamic world. Modem accounts of Islamic astrolabic quadrants invariably confuse the two 
instmments. 

On the quadrant of Profatius see, for example, Poulle, “ Quadrans novus”; and Dekker, “ Quadrans 
novus”. For the latest on the misunderstanding of its origins see London Khalili Collection Catalogue, 
I, p. 266, and King, “Review”, col. 255. See now XI-10.3 and XIIa-8. 






CHAPTER 7 


SUNDIALS 


The Muslims inherited the sundial from their Hellenistic predecessors. Presumably the Arabs 
found sundials in use in some of the territories into which they expanded in the 7 th century. In 
Damascus about the year 715 the Umayyad Caliph c Umar ibn c Abd al-'Aztz is said to have used a 
sundial, presumably marked with the seasonal hours, in order to regulate his prayers; this was 
probably of Graeco-Roman provenance. (The record of his interest in this sundial also illustrates 
that at that time the daytime prayers were still defined in terms of the seasonal hours.) 

In its essence the sundial consists of an object (called a gnomon) for casting a shadow, and 
a series of markings on a surface which enable the user to observe the progress of the variable 
shadow across the surface and read off the time of day. Most, but not all, medieval sundials 
were of the plane horizontal or vertical varieties, with markings consisting of a family of lines 
for each hour of daylight and three curves which are the shadow traces at the equinoxes and 
at the two solstices. 


7.1 Treatises on gnomonics and sundial construction 

Muslim astronomers made several notable contributions to the theory and construction of 
sundials. We may cite the treatise of Thabit ibn Qurra, written in Baghdad around the end of 
the 9 th century. This deals with the transformation of celestial coordinate systems based on three 
planes: (1) the horizon, (2) the celestial equator, and (3) the plane of the sundial. For the latter, 
the sundial may be in the plane of (a) the horizon; (b) the meridian; (c) the prime vertical; 
(d) perpendicular to (c) with an inclination to (b); (e) perpendicular to (b) with an inclination 
to (c); (f) perpendicular to (a) with an inclination to (b), and lastly, (g) perpendicular to (f) 
with an inclination to (a), that is, skew to (a), (b) and (c). Ibrahim ibn Sinan, in the first half 
of the 10 th century, authored another remarkable treatise on gnomonics, in which he proved 
for the first time that the seasonal hour-lines are not straight lines. Both of these treatises are 
highly theoretical, as distinct from the works of Habash and Ibn al-Adaml (see below). 

Second, Muslim astronomers compiled tables of coordinates to facilitate the construction of 
the simple horizontal sundial displaying the seasonal hours for a specific latitude, just as they 
did for the construction of astrolabes—see Fig. 7.1.1-5. These tables have no parallel in 
medieval or Renaissance Europe. Habash al-Hasib, working in Baghdad in the early 9 th century, 
compiled tables displaying, for ten different latitudes, values of the following functions for each 
seasonal hour at the solstices: the solar altitude, the solar azimuth, and the length of the shadow 
cast by a gnomon. The shadow lengths and azimuths are simply the polar coordinates of the 
points of intersection of the solstitial shadow traces with the lines representing the seasonal 
hours, and with these the construction of the sundial is reduced to a task for a mason. (In the 
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Fig. 7.1.1: An extract from the sundial tables for 
sundial construction by Habash al-Hasib (attributed 
to al-Khwarizml in this unique copy). These sub¬ 
tables serve latitudes 38° and 40°, with a more 
detailed table for latitude 34°, Samarra, the new 
Abbasid capital that replaced Baghdad during the 
period 836-892. See also Figs. 1-4.1.la and Vla- 
10.1. [From MS Istanbul Ayasofya 4830, fol. 234r, 
courtesy of the Suleymaniye Library.] 


Fig. 7.1.2: An extract from the auxiliary tables of 
coordinates for the construction of vertical sundials 
in a treatise on gnomonics by the 10 th -century as¬ 
tronomer Ibn al-Adaml. These tables merit detailed 
investigation. See further Sezgin, GAS , VI, pp. 2lb- 
217. [From MS Paris BNF ar. 2506, fol. 33v, courtesy 
of the Bibliotheque Nationale de France.] 


unique manuscript these tables are incorrectly attributed to al-Khwarizml.) Several later 
Muslim astronomers prepared such tables for specific latitudes. Other treatises, such as those 
by the Alphonsine astronomers and the AndalusI Ibn al-Raqqam in Tunis ca. 1300, present 
instructions for marking sundials by geometrical construction. 

In Baghdad in the 10 th century, Ibn al-Adaml compiled a set of auxiliary tables to facilitate 
marking the curves on vertical sundials inclined at any angle to the meridian for any latitude. 
A set of tables of Cartesian coordinates for marking vertical sundials by the late-13 th -century 
Egyptian al-Maqs! contains 90 subtables for each degree of inclination to the local meridian, 
computed for the latitude of Cairo. Such tables would have been very useful to the astronomers 
who constructed sundials on the walls of so many of the mosques of medieval Cairo. 

Third, Muslim astronomers developed the universal polar sundial, the universal equatorial 
sundial, the universal inclined sundial, and the gnomon aligned towards the celestial pole for 
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Fig. 7.1.3: Tables of radial coordinates (solar azimuth and shadow length) for marking the points of intersection 
of the seasonal hour lines with the equinoctial and solstitial shadow-traces on a sundial for altitude 13;37°, Taiz, 
as found in the treatise on the construction of the astrolabe, sundial and magnetic compass by the late-13 th -century 
Yemeni prince al-Ashraf. [From MS Cairo TR 105, fols. 99v-100r, courtesy of the Egyptian National Library.] 


horizontal and vertical sundials. Most of these developments appear to date from the 9 th or 10 th 
centuries, although the universal inclined sundial first appears in 14 th -century Damascus, a 
couple of centuries before it was conceived, independently (?), in Europe. 

For an overview of Islamic sundials and sundial theory see my article “Mizwala” in EI V repr. in King, 
Studies , C-VIII, and my chapter “Gnomonics” in EHAS. On Islamic sundial theory see Garbers, “Thabit 
b. Qurra iiber Sonnenuhren”; Luckey, “Thabit ibn Qurra iiber die Sonnenuhren”, also Morelon, Thabit 
ibn Qurra , pp. 130-168; Luckey, Ibrahim ibn Sinan iiber die Sonnenuhren , (dissertation, Tubingen, 
1944), new version edited by Jan P. Hogendijk in IMA , vol. 101 (1999). On the theory behind the 
markings for the seasonal hours see now Hogendijk, “Seasonal Hour Lines on Astrolabes and Sundials”. 
The writings of al-Marrakushl are surveyed in Schoy, Gnomonik der Araber; see also idem , 
Schattentafeln , and idem , “Sonnenuhren der spatarabischen Astronomie”. An important Maghribi 
treatise is available in a model study by Carandell, Ibn al-Raqqam sobre los cuadrantes solares. On 
the tables for sundial construction attributed to al-Khwarizml, actually probably by Habash, see King, 
“al-Khwarizml”, pp. 17-22, Rosenfeld et al. , eds., al-Khorezmi (in Russian), pp. 221-234, and King, 
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Fig. 7.1.4: Tables of orthogonal coordinates (horizontal and vertical distance from the base of the gnomon) for 
constructing a vertical sundial at any inclination (here 15°) to the meridian for the latitude of Cairo (30°), as 
found in the treatise on sundial theory of the Egyptian astronomer al-Maqs! ca. 1275. [From MS Cairo DM 
103, fols. 68v-69r, courtesy of the Egyptian National Library.] 



Fig. 7.1.5 Tables of radial coordinates with a diagram of a horizontal sundial for Isfahan appended to a 13 th - 
or 14 th -century copy of al-Blrum’s treatise on astrolabe construction. There are curves for the beginning and 
end of the c asr , as well as an indicator for the qibla at Isfahan. No such sundials are known to have survived 
from medieval Iran. See further King, Mecca-Centred World-Maps , pp. 300-301. The same qibla value 38° W. 
of S. for Isfahan is found on an astrolabe from ca. 1100: see Fig. XHIc-llb. [MS Leiden UB Or. 123B, fols. 
30v-31r, courtesy of the Universiteitsbibliotheek.] 
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Mecca-Centred World-Maps, pp. 349-350. On these and other Islamic tables for sundial construction 
see King & Samso, “Islamic Astronomical Handbooks and Tables”, pp. 92-94. A survey of such tables 
would be a useful contribution. 

7.2 Some surviving Islamic sundials 

Few Islamic sundials survive from the pre-Ottoman period, but each one has its own story to 
tell when it is analyzed in detail. The oldest surviving sundial dates from ca. 1000 and is signed 
by the Andalusl astronomer Ahmad ibn al-Saffar—see Fig. 7.2.1, Engraved on marble and alas 
broken, it bears markings for the seasonal hours and a part of a curve for the c asr (presumably 
there was also originally a curve for the zuhr). The segments for the seasonal hours are 
carelessly constructed. On a later Andalus! sundial of the same kind the markings are not much 
better—see Fig. 7.2.2, and on one Andalusl piece the markings are a disaster—see Fig. 7.2.3, 
On a sundial made for the Mosque of Ibn Tulun in Cairo in 696 H [= 1296-97] the curve for 
the c asr was incorrectly engraved and then altered unsatisfactorily: this may explain why it 
was broken into pieces—see Fig. 7.2.4, A 14 th -century Egyptian sundial is constructed with 
the two halves, each with their own gnomon, superposed one on top of the other to save marble; 
here the curve for the c asr is carefully engraved—see Fig. 7.2.5. 

A particularly interesting specimen made in Tunis in the 14 th century displays only curves 
for four times of day with religious significance—see Fig. 7.2.6. Analysis of this sundial has 
not only shed light on contemporary religious practice in Tunis, but has also provided the key 
to an understanding of the reason why the daytime prayers are defined in terms of shadow 
increases. This in turn has led to a new understanding of the early development of the institution 
of prayer in Islam: in brief, the definitions of the zuhr and c asr in terms of shadow increases 
which became standard after the 9 th century were conceived in order to relate the times of the 
prayers to the seasonal hours (see further IV-5.2). However, the original association of the 
prayers with the actual seasonal hours did not entirely disappear: the evidence for this is a small 
vertical sundial from 12 th -century Syria on which the times of the prayers are related to the 
seasonal hours (Figs. IV-7.4 and XIVb-1). 

A magnificent sundial made in Damascus in the 14 th century to adorn the main minaret of 
the Umayyad Mosque—see Fig. XIVb-8 —displays time with respect to sunrise, midday and 
sunset, as well as with respect to the time of the afternoon prayer and even with respect to 
daybreak and nightfall. It is the most sophisticated sundial known from the medieval period, 
and although Ibn al-Shatir is not known to have written a treatise on it, a sundial of comparable 
complexity is discussed and illustrated by Najm al-Dln al-Misrl, who identifies for it some 
37 uses—see Fig. 7.2.8, 

Such sundials have sadly been much neglected by historians of science, so that, for example, 
the spectacular Damascus sundial was published for the first time only about 30 years ago. 
The influence of any of this activity on European gnomonics has yet to be investigated, but 
at least one Islamic treatise on the simplest form of horizontal sundial for the seasonal hours 
came to be known in Europe through the 13 th -century Libros del saber. An imposing but hapless 
azimuthal sundial purporting to be universal, which is described by the Andalusl Ibn Khalaf 
al-Murad! (ca. 1300), is also known from early Latin sources (Ripoll, ca. 1000). 
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Fig. 7.2.1: The earliest surviving Islamic sundial, made by the astronomer Ahmad ibn al-Saffar in Cordova ca. 
1000 (#7301). The hour-curves for the morning are intact, but carelessy constructed, some showing kinks at 
the euinoctial shadow trace. The markings for the afternoon are broken but one can still see the curve for the 
zuhr. [Courtesy of the Museo Arqueologico, Cordova.] 



Fig. 7.2.2: An Andalusl sundial of uncertain date (11 th -13 th centuries?) (#7303) also showing lines for the seasonal 
hours and curves for the zuhr and c asr. [Courtesy of the Museo Arqueologico, Almeria.] 
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Fig. 7.2.3: A wretched sundial from al-Andalus (#7308), on which the markings correspond only vaguely to 
what they should. It is not clear why anyone would make a sundial like this from which the error in the time 
might be in hours, rather than minutes. The piece is clearly in the same Andalusl/Maghribl tradition as the 14 th - 
century Tunisian sundial (see Fig. 7.2.6) on which the solstitial curves are approximated by arcs of circles, but 
here the maker has lost control of himself. [Original in the Museo Alhambra, Granada, illustration from King, 
“Andalusl Sundials”, A, pi. 4.] 



Fig. 7.2.4: This sundial from the late 13 th century (#7316) was broken and hidden inside a column in the mosque 
courtyard, only to be rediscovered and reassembled by the scholars of Napoleon; the pieces then disapppeared 
mysteriously but fortunately not before a careful drawing of it had been prepared, later published in the 
Description de VEgypte (1809-26). [From Janin & King, “Cadran solaire d’lbn Tulun”, pi. 1.] 
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Fig. 7.2.5: A horizontal sundial made in Cairo in 726 H [= 1325/26] by Khalil ibn Ramtash (#7317). The two 
halves of the sundial have been superposed, doubtless because marble was expensive, and the meridians and 
gnomon-holes for each half are at the sides. Such sundials are described in contemporaneous Mamluk treatises 
on gnomonics. The curve for the c asr is clearly marked on the half serving the afternoon, and the qibla at Cairo 
is indicated by the semi-circular 66 mihrab ” nearby. The latter indicates a direction of 34° S. of E. (not attested 
elswhere) rather than the usual 37° accepted by Mamluk astronomers. Instead of the hyperbolae usual for the 
solstitial traces we find rectilinear segments joining the extremities of the first/last hour with the midday shadows, 
that is, outside the domain of the shadows. Both gnomons are lost, but their length is indicated by a straight 
line in the comer near the mihrab. What was surely a dedicatory inscription has been deliberately effaced. 
[Courtesy of The Victoria and Albert Museum, London.] 



Fig. 7.2.6: A sundial for Tunis made by Abu T-Qasim ibn Hasan al-Shaddad in 746 H [= 1345/46] (#7341). 
This is unique amongst surviving sundials for the special markings relating to a local tradition of determining 
a prayer at mid-morning (the duha) and a time for preparation for the Friday service (the ta’hib). [Courtesy 
of the late Alain Brieux, Paris.] 
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Fig. 7.2.7: A sketch of the cylindrical sundial on one of the columns in the Mosque 
of Sldl Halwl in Tlemcen (#7342) signed by Ahmad ibn Muhammad al-Lamtl in 
the 11 th month of 747 H [= Feb.-March, 1347]. It indicates only the times of midday 
and the zuhr and the c asr. From Margais pere et fils , Les monuments arabes de 
Tlemcen , p. 291.] 
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Fig. 7.2.8: A sketch of a horizontal sundial for latitude 36° in the treatise of Najm al-Dln al-Misrl. He states 
that the markings can be used to solve 37 different problems, which he enumerates. The instrument is almost 
as complex as the splendid sundial of Ibn al-Shatir (see Fig. XIVb-8). [From MS Dublin CB 102,2, fols. 32v- 
33r, courtesy of the Chester Beatty Library.] 
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Fig. 7.2.9: The horizontal sundial (#7353) in the garden of the Topkapi Seray 
constructed during the reign of the Ottoman sultan Mehmet Khan, that is, ca. 
1475, and renovated by 'Abdallah Silahdar in 1208 H [= 1793/94 ]. For details 
see Meyer, Istanbul Sundials (in Turkish), pp. 65-71. The length of the 
rectangular marble slab is just less than a metre. The markings serve the seasonal 
hours of daylight and the equinoctial hours from sunrise and before sunset. 
[Photo kindly provided by the late Wolfgang Meyer, Istanbul.] 


Fig. 7.2.10: Of these two sundials (#7510) on the south wall of the Cathedral 
in Regensburg, the lower one, dated 1487 in Gothic numerals, is perhaps the 
most sophisticated sundial surviving from medieval Europe. It is a serious 
sundial for the equinoctial hours, showing hyperbolic shadow-traces (albeit a 
bit wobbly in places) for each zodiacal sign. For some reason, someone added 
a less sophisticated sundial with a polar gnomon, with the hours marked in 
Roman numerals. This second sundial is dated 1509, the year being engraved 
in Renaissance numerals. [Photo by the author. On the numerals see King, The 
Ciphers of the Monks , p. 288.] 
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Studies of individual sundials and groups thereof include the following. On the sundial used by the 
Caliph c Umar II to regulate the prayer times see IV-7.1. Extant AndalusI sundials are presented in King, 
“Three Sundials from al-Andalus”, and my chapter “Los cuadrantes solares andalusies”, in Madrid 
MAN 1992 Exhibition Catalogue , pp. 89-102, with new materials in Labarta & Barcelo, “Ocho relojes 
de sol hispanomusulmanes”, and ecedem , “Un nuevo fragmento de reloj de sol andalusi”. al-Muradl’s 
universal azimuthal sundial (at first sight of the same type as the musatara of al-Marrakushi described 
in Janin, “Projection horizontale”, and Charette, Mamluk Instrumentation , pp. 166-170), was first 
mentioned in King, “Medieval Mechanical Devices”, in Studies , XV, p. 289, and idem , “Three Andalusi 
Sundials”, p. 368. It has now been studied in detail in Casulleras, “Andalusi Sundial”; Charette labels 
it “extremely crude, if not absurd”. A very crude sundial of sorts (horizontal, with radial markings 
for each 15°), which is described in several medieval sources, Arabic, Hebrew and Latin, is discussed 
in King, “Three Andalusi Sundials”, pp. 367-368, and now Zenner, “Sonnenuhr des Gerbert”. The most 
spectacular sundial of the Middle Ages, that of Ibn al-Shatir, is described in Janin, “Cadran solaire 
de Damas”, and in Paris IMA 1993-94 Exhibition Catalogue , p. 439, no. 334 —see now XIVb-8. 
Various other sundials in Cairo and Jerusalem are described in Janin & King, “Cadran solaire d’lbn 
Tulun”, and King & Walls, “Jerusalem Sundial”. Michel & Ben-Eli, “Un cadran solaire polaire”, 
describes the Ottoman polar sundial in Acre. The important sundial featuring only the prayer-times 
is described in King, “Tunisian Sundial”—see now IV-5.2. Some other Maghribi sundials are featured 
in Janin, “Gnomonique tunisienne”. On Ottoman sundials see also Unver, “Cadrans solaires en 
Turquie”; Meyer, “Istanbul Sundials”, both superseded by idem , Istanbul Sundials (in Turkish). A few 
portable sundials have been published: a Syrian vertical dial is described in Casanova, “Cadran solaire 
syrien”, also Paris IMA 1993-94 Exhibition Catalogue , pp. 436-437, no. 332 —see now IV-7.4 and 
XIVb-1. A Turkish dial is described in Naffah, “Cadran cylindrique ottoman”. Livingston, “Islamic 
Conical Sundial”, is based on textual sources. Some individual Islamic sundials of particular 
sophistication have attracted the attention of sundial buffs: see, for example, Lerrari & Severino, 
Meridiane islamiche , (privately distributed); and de Vries et al. , “Hafir and Halazun”. These sundial 
specialists will find yet more interesting sundials in Charette, Mamluk Instrumentation. 


CHAPTER 8 


EQUATORIA 


An equatorium is a mechanical device for finding the position of the sun, moon and planets 
without calculation, using instead what is essentially a geometric model to represent the 
celestial body’s mean and anomalistic motion. To use Ptolemy’s models for this purpose, one 
simply takes the values of the mean longitude and the anomaly from the mean-motion tables 
standard in the astronomical handbooks and feeds these into the instrument, which then displays 
the true position of the celestial body. It is known that already Archimedes had a complicated 
equatorium, and, of course, the Antikythera device from ca. 80 B.C. with highly complex 
gearing to reproduce the relative motions of the sun and moon represents the pinnacle of Greek 
mechanical engineering. We have already mentioned al-Blrunl’s solar-lunar mechanism inside 
an astrolabe (5.4). Furthermore, we have at least four treatises on the equatorium, the first three 
being by Andalusi astronomers and dating from the period 1015-1115: see Fig. 8.1. Alas, no 
medieval Islamic equatoria or planetaria survive, although the “astrolabic zlj ” of Hibatallah 
(5.3), the sole copy of the Zlj al-safaih of the 10 th -century Baghdad scholar Abu Ja'far al- 
Khazin, shows evidence of having been fitted with a series of circular plates to serve as an 
equatorium of the kind known from the treatise of the Andalusi scholar Abu T-Salt {ca. 1100). 
Whilst the latter was an Andalusi production, there can be no doubt that it was in an Abbasid 
‘Iraqi tradition. Considerably more sophisticated was the equatorium described by al-Kashl in 
the early 15 th century, which could be used even to determine planetary latitudes: see Fig. 8.2. 
We have already mentioned the planetarium given by the Ayyubid Sultan al-Ashraf to the 
Emperor Frederick II (4.12). 

In 1966, Emmanuel Poulle cited a 15 lh -century European report that the instrument known as 
the sexagenarium was of contemporaneous Egyptian provenance. The sexagenarium is a quadrant 
with a trigonometric grid on one side, and a series of circular scales for computing mean longitudes 
and anomalies for the sun, moon, and planets on the other. The trigonometric quadrant serves not 
only to provide numerical solutions to problems of spherical astronomy but also to compute 
equations of the sun, moon, and planets. (The latter function serves only to challenge the wits of 
the user, because auxiliary tables for computing the equations obviate the need for such tedious 
calculations.) While the trigonometric quadrant and associated instructions for performing 
computations in spherical astronomy were well-known in 15 th -century Cairo, no such planetary 
dials are known from there. No trigonometric quadrant is mentioned by al-Kashl, and in any case 
his equatorium renders such a device superfluous. 

In 2003, it became clear that a treatise in 20 chapters by Jamal al-Dln al-Maridlnl (Cairo, 
ca. 1425?) was the source for a Yalencian translation of 1463, shortly thereafter translated into 
Latin. The translator had seen such an instrument shown to him in Valencia by a mudejar from 
Patemia in 1450. He was aware of the existence of other Arabic works on the instrument in 
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Fig. 8.1: E. S. Kennedy’s reconstruction of the plates 
for Saturn in the equatorium of Abu ‘1-Salt. [From 
Kennedy, “The Equatorium of Abu al-Salt”, p. 76.] 


Fig. 8.2: E. S. Kennedy’s reconstruction of the pro¬ 
cedure for finding the true longitude of Mars using 
al-Kashl’s equatorium. [From Kennedy, al-Kashl’s 
Equatorium , p. 194.] 


100 and 60 chapters, although it is not clear that he had access to them. In any case, he translated 
a concise treatise in 20 chapters. 

On AndalusI equatoria in general see Comes, Ecuatorios andalusies ; and eadem , “Los ecuatorios 
andalusies”. Specific studies include Millas Vallicrosa, Azarquiel , pp. 425-455; Kennedy, “The 
Equatorium of Abu al-Salt”; Samso, “Ecuatorio de Ibn al-Samh”, and Millas Vendrell, “Apogeos 
planetarios en el ecuatorio de Azarquiel”. On the astrolabic zlj of al-Khazin fitted with an equatorium 
see King, “Z/y al-Safaih”, esp. pp. 111-112; and Samso, “al-Blrunl in al-Andalus”, esp. pp. 594-601 
and 611-612. On al-Kashl’s instrument see Kennedy, al-KashVs Equatorium , and various articles 
thereon repr. in idem et al ., Studies , pp. 448-480. On the equatorium in medieval Europe see Poulle, 
Equatoires medievaux. 

On the sexagenarium see Poulle, “Sexagenarium”, esp. p. 130, and now Aguiar & Marrero, 
Sexagenarium , on a treatise on the instrument from 15 th -century Valencia, translated from an Arabic 
original, for which see Cairo ENL Catalogue , II, pp. 485-486. On Jamal al-Dln al-Maridlnl see Cairo 
ENL Survey , no. C47. 














CHAPTER 9 


MISCELLANEOUS INSTRUMENTS 


9.1 Universal instruments for timekeeping by day and night 

Habash al-Hasib invented an ingenious instrument for timekeeping for any latitude by the stars, 
which is still not completely understood: on this see XIIb-12. I have attempted to show that 
the universal horary dial on the medieval English navicula, which serves timekeeping for any 
latitude by the sun, is also of 9 th -century Baghdad provenance: see XIIb-14. Both of these 
instruments seem to have been forgotten in later Islamic astronomy, although the unique 13 th - 
century manuscript of Habash’s treatise on the stellar device shows signs of abuse at the hands 
of a series of copyists. (The same is true of the unique surviving copy of his treatise on the 
melon astrolabe.) 

A word on the medieval European instrument known as the nocturnal or nocturlabe, for 
simple timekeeping at night throughout the year by the stars of the Great Bear, is appropriate 
here. This is not attested in any known Arabic textual sources, and few very late Islamic 
examples survive. The device seems to have developed independently in medieval Europe, in 
a milieu where the far superior astrolabe was not yet fully appreciated. In Europe it gained 
considerable popularity, and the late Islamic examples display European influence. 

On Habash’s universal instrument from reckoning time from stellar altitudes see King, Mecca-Centred 
World-Maps, pp. 354-358, and now Charette & Schmidl, “Habash’s Universal Plate”, for the text and 
an annotated translation. On the modus operandi see now XIIb-12. On the navicula see, for example, 
Brusa, “Le navicelle orarie di Venezia”, and for some first wild hypotheses about its possible 
connection with Habash, see King, Mecca-Centred World-Maps, pp. 351-359. See now Xllb. 

On the nocturnal see Samso, “Medicion del tiempo en al-Andalus ca. 1000”, pp. 83-85, and 
Oestmann, “History of the Nocturnal”. 


9.2 The magnetic compass 

The earliest reference to the magnetic compass in the astronomical literature occurs in a treatise 
compiled in the Yemen at the end of the 13 th century (Fig. 9.2.1), Here, however, the author, 
none other than the Yemeni Sultan al-Ashraf, makes no claim to be the first to write on the 
compass, and it is certain that he was not. The device he describes is a bowl in which the needle 
floats on a liquid. In an Egyptian treatise on spherical astronomy from ca. 1300, the author, 
Ibn Sam c un, describes a “dry” compass-bowl. From various 13 th -century sources, we know that 
the compass was in widespread use amongst the navigators of the eastern Mediterranean at 
that time. A ceramic compass-bowl made in Damascus ca. 1518 has been preserved for us; 
the data on it—names of 40 localities and their qibla-values to the nearest degree—is from 
an Iranian tradition two, if not three, centuries earlier: see further XIVd-9. 
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Fig. 9.2.1: The compass bowl described and illustrated in the treatise of the Yemeni ruler al-Ashraf ca. 1295. 
[From MS Cairo TR 105, fol. 145v, courtesy of the Egyptian National Library.] 


On the compass in the Islamic Near East see Wiedemann, “Zur Geschichte des Kompasses bei den Arabern”; 
Tibbetts, Arab Navigation, pp. 290-294; King, Astronomy in Yemen, II-8.2; and Cairo ENL Survey, pi. 
LXIV; Schmidl, “Two Early Arabic Sources on the Magnetic Compass”; King, Mecca-Centred World- 
Maps, pp. 107-115, etc.-, and the survey article “Tasa” in EI r On the ceramic compass-bowl see King, op. 
cit., pp. 110-114, 168-170, and 478-480, and now XIVb-9. 


9.3 Astronomical compendia 

During the 14 th and 15 th centuries, Muslim astronomers developed compendia, devices performing 
several different functions. In Damascus in the mid 14 th century Ibn al-Shatir devised a compendium 
in the form of a box, the lid of which could be raised to serve the astronomical function of the box 
and its paraphernalia for any of a series of terrestrial latitudes. This lid bears a set of astrolabic 
horizon markings, and a removable plate inside the box bears a universal polar sundial and a set of 
qibla-markers for different localities. All of the other parts of this compendium, which are missing 
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Figs. 9.3.1a-d: Various parts of a “jewel box” made by 
Ibn al-Shatir himself in 767 H [= 1365/66] (#8005). 
[Photos courtesy of the late Alain Brieux; instrument 
formerly in the Awqaf Library, Aleppo, now in the 
Institute of the History of Arabic Science, Aleppo.] 
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from the only surviving specimen of it now preserved in Aleppo, such as a magnetic compass for 
aligning the instrument in the cardinal directions and the sights for reading the time from an 
equatorial scale on the lid of the box, are described in a treatise on its use, authored by Ibn al- 
Shatir himself and partially extant in a unique manuscript now preserved in Berlin (Figs. 9.3.1-3), 
The fact that the compass-needle may deviate from the meridian by a certain number of 
degrees was first recorded in the Islamic world by the 15 th -century Egyptian astronomer al- 
WafaT, who modified Ibn al-Shatir’s instrument into a semi-circular equatorial dial with a 
sighting device, compass and qibla indicator, and also wrote a treatise on its use (see Fig. 9.3.4 
and also Fig. VIb-14.1). These Islamic compendia may have had some influence on later 
European dials and compendia of the same type; however, the astronomical ideas underlying 
these instruments are so simple that it is hardly necessary to anticipate transmission. 








MISCELLANEOUS INSTRUMENTS 


97 



<— 

Fig. 9.3.2 The beginning of a treatise by the Egyptian 
astronomer Ibn Abi T-Fath al-Sufl ( ca . 1500) on the use of 
the “jewel box” of Ibn al-Shatir. This short treatise is 
complete and supplements the fragments of a more substantial 
treatise by Ibn al-Shatir himself found in the same manuscript. 
[From MS Berlin DSB Ahlwardt 5845, fol. lr, courtesy of the 
Deutsche Staatsbibliothek (PreuBischer Kulturbesitz).] 



Figs. 9.3.3a-b: The sole remnant of a “jewel box” made by Muhammad al-Jawharl for the Egyptian astronomer 
Tzz al-Dln al-WafaT in 847 H [= 1443/44] (#8006). The plate bears a series of horizons on one side and a shadow 
square and a vertical sundial on the other. [Photos courtesy of the late Professor Dr. Muammer Dizer, Kandilli 
Observatory.] 
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Fig. 9.3.4: An equatorial semi-circle signed by “ c All al-muwaqqit Abu 4-Fath” and dated 1166 H [= 1752/53] 
(#8007). [Photo courtesy of the late Professor Dr. Muammer Dizer, Kandilli Observatory, who published this 
instrument in his “Equatorial Semicircle”.] 


On Islamic compendia see Janin & King, “Ibn al-Shatir’s Compendium”; Tekeli, “Equatorial Semicircle”; 
Brice & Imber & Lorch, “Equatorial Semicircle”, reviewed in King, Studies , B-XIII; Dizer, “Equatorial 
Semicircle”; and F. R. Maddison in London Khalili Collection Catalogue , I, pp. 278-279, nos. 168-169. A 
splendid study of European compendia is Gouk, Ivory Sundials of Nuremberg , in which Ibn al-Shatir’s 
compendium is mentioned on p. 17. 

9.4 Qibla-indicators 

The compendia of Ibn al-Shatir and al-WafaT bore markings similar to those found on various 
Iranian astrolabes from the 11 th to 16 th centuries that enabled one to find the qibla or local direction 
of Mecca in various localities. Simplistic maps of the world centred on Mecca, specifically intended 
for finding the qibla approximately, were also available. In later centuries, qibla-indicators consisting 
of a compass and a gazetteer of qibla values for major cities were in widespread use. Alternatively, 
these instruments might have a circular base fitted with a compass and a horizontal sundial, with 
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Fig. 9.4.1: A simple qibla-indicator from ca. 1600 (#8060), on which the names of various localities are arranged 
around a horizontal circular scale. But the qibla directions used here were not calculated according to formulae 
available since the 9 th century, rather they were estimated by traditional methods. See further King, Mecca- 
Centred World Maps , pp. 115-117. [Courtesy of the British Museum, London.] 


localities marked all around the circumference. The underlying qiblas were not part of the 
mathematical tradition, that is, they were unrelated to the values in the gazetteers; rather, they 
were in the folk astronomical tradition of sacred geography. 

For a survey of several qibla-indicators of different kinds (and the underlying geographical notions) see 
King, Mecca-Centred World-Maps , pp. 107-123. For a detailed study of one Ottoman piece see Chidyaq, 
“Indicateur de qibla”. For several such late instruments, see now Stautz, “Max von Oppenheim’s 
Instrumente”, A-B. 


9.5 Mecca-centred world-maps 

Three world-maps engraved on brass plates survive from the late 17 th century; they were probably 
made in Isfahan—see Figs. 9.5.1 and VIa-18.1. The third came to light only in 2001 —see Vile. 
They are centred on Mecca and are fitted with a highly complex grid, which together with the 
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Fig. 9.5.1: A much more sophisticated qibla-indicator (#8024), apparently made in Isfahan ca. 1675. The 
cartographical grid centred on Mecca enables the user to find the qibla of any locality from Spain to China. 
One simply places the alidade on the stud representing the locality and reads off the qibla on the outer scale 
and the distance from Mecca along the scale. A modem equivalent to this type of grid was first described in 
the Western literature by the German historian of Isjamic science Carl Schoy ca. 1920. [Photo by Christie’s 
of London, courtesy of the new owner, the Dar al-Athar al-Islamiyya, Kuwait.] 


diametrical rule enable the user to read off the qibla on the circumferential scale and the distance 
to Mecca in farsakhs on a non-uniform scale on the rule. The geographical data underlying the 
positions of the ca. 150 localities from al-Andalus to China, and from Europe to the Yemen, found 
on each map are taken from a table compiled near Samarqand in the early 15 th century, but the 
mathematics underlying the grid and its construction is at once so sophisticated and yet—if one 
knows a formula relating the qibla to the distance derived by Muslim scholars in the 9 th century— 
so simple that, in my opinion, it can only have been conceived in the most creative period of 
Islamic science. All of the maps appear to be copies of an earlier map of the same kind. Maps 
serving this purpose were first conceived in Europe in the first two decades of the 20 th century, 
and the fact that such maps could have been made already in the 17 th century (and before) results 
from the fact that it is the sine of the distance arc which underlies the non-uniform scale on the 
diametrical rule. 
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Although there is not a shred of tangible evidence, it would not surprise me if we were witness 
to a creation of one or other of the two (and only) Muslim scholars who were (a) deeply involved 
in solutions to the qibla problem, and (b) also concerned with mappings preserving direction 
and distance (though not the sine of the distance) to and from a central point. I refer on the 
one hand to al-Blrunl, who authored a dozen works on mathematical geography and carto¬ 
graphy, of which only two have survived. The other candidate, more original than al-Blrunl 
in mathematical methods, was Habash al-Hasib, who developed the first accurate solutions to 
the qibla problem and also devised the “melon” astrolabe, based on a mapping which preserves 
direction and distance from and to the centre. (In the melon astrolabe the centre was the pole, 
and the mathematics is more complicated if the mapping is centred on a non-polar location.) 
Yet no texts relating to this remarkable tradition in mathematical cartography, or even a passing 
reference or a set of tables for constructing such grids, have been identified yet. However, Jan 
Hogendijk of Utrecht has discovered two texts—one from 10 th -century Baghdad and the other 
from ll th -century Isfahan—in which the solution of the qibla problem by means of conic 
sections is mentioned. The first is by an author who knew the works of Habash and who was 
known to al-Blrunl, and the second is by an author who elsewhere cites al-Blrunl. See further 
Vile. 

See King, Mecca-Centred World-Maps, on the first two world-maps, and Vile, on the third world-map 
and on the materials discovered by Jan Hogendijk. 



Figs. 9.6.1a-b: The two sides of a small annulus (#8093) engraved with scales, some more convincing than others. 
The object is from Iran and probably dates from ca. 1800, but was doubtless inspired by earlier models. On 
the front (a) we find scales for the first declination and, naively, also for second declination (there is no noticable 
difference), and for the cotangent to base 7 and 60 and the sine to base 60. In addition there are qibla-directions 
indicated next to the (European) compass. The two sine quadrants nearby are non-functional. With the scales 
on the back (b) the maker seems to have lost control of himself. Perhaps his model had some tables displaying 
right and oblique ascensions. Certainly he forgot to label the functions represented on this side of the annulus. 
[Courtesy of the Museum for the History of Science, Oxford.] 
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9.6 “Slide-rules” for astronomers 

In the Middle Ages there was an instrument called mlzan al-Fazarl consisting of a set of scales 
and astronomical markings such as sundials and graphs on the sides of a rod of square cross- 
section: see XI-6.4. The scales served to find values of various functions of importance for the 
astronomer. It seems that the device goes back to the 8 th -century astronomer al-Fazarl. A late 
Iranian device, now circular, serves the same purpose, bearing a multiplicity of scales of one sort 
or another but attesting to much wishful thinking on the part of the maker: see Fig. 9.6.1. 

On the mlzan al-Fazarl see most recently Charette, Mamluk Instrumentation, pp. 147, 163-164 and 
222, and the references there cited. 

9.7 The pendulum 

In the modern literature, and in dozens of Internet sites, one encounters the assertion that the 10 th - 
century Egyptian astronomer Ibn Yunus discovered the principle of the pendulum. Thus, for 
example, S. H. Nasr in his book Islamic Science: 

“Ibn Yunus was also the first person to make a serious study of the oscillatory motion 
of a pendulum, which finally led to the invention of the mechanical clock.” 

However, there is not a trace of this in the known original sources relating either to Ibn Yunus, or 
to any other medieval Muslim astronomer. (I write this not because I do not like Ibn Yunus but 
because I have spent my academic life pursuing every lead to his works in libraries all over the 
world. As the reader of I and II will have noticed, he is the real hero of the first volume of this 
book dealing with astronomical timekeeping in Islamic civilization.) It is possible to trace the 
myth of Ibn Yunus’ association with the pendulum in the European literature from the 17 th century 
onwards: it is one of those cases where someone thought that Ibn Yunus must have had a pendulum 
because he made such accurate observations. In this case, it will be easier to find hitherto 
undiscovered source material than to kill the myth. Already Eilhard Wiedemann in the 1910s 
pointed to the diagrams in Islamic sources that look as though they display a pendulum', these in 
fact display a plumb-line: see Fig. 9.7a. The first pendula known in the Near East appear to have 
been those in European clocks presented to an Ottoman sultan in the late 17 th century, but the 
subject of mechanical clocks does not concern us here. (See 5.4 on astrolabic clocks.) 

On the pendulum myth see King, “Ibn Yunus and the Pendulum”, and the references to earlier studies by 
Eilhard Wiedemann, including his “Uber die angebliche Verwending des Pendels bei den Arabern”, A-B. 
On Nasr, Islamic Science, p. 101, see already King, “Review of Nasr, Islamic Science”, A, pp. 217-218 / 
B, col. 342a. On this and various other myths associated with Ibn Yunus—including his “well-equipped 
observatory” and his “discovery” of the prosthapheresis formula in trigonometry—see further King, 
“Astronomy in Fatimid Egypt”, esp. pp. 507-509. On clocks in the Near East see Tekeli, “Ottoman 
Clocks”; Kurz, European Clocks in the Near East ; and King, Mecca-Centred World-Maps, pp. 284-292. 
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Fig. 9.7a: An illustration of a plumb-line in the treatise on the Indian circle, a simple geometric construction 
for determining the meridian as the bisector of the angle between the two azimuths of the sun in the morning 
and afternoon at times when it has the same altitude. Clearly the observations of the sun need to be made from 
a horizontal plane, hence the need for a plumb-line. Claims that Muslims used a pendulum for timekeeping are 
based on fantasy, not on any textual sources, let alone on such illustrations. This one is taken from a copy of 
the Nihayat al-idrak , a treatise on theoretical astronomy, by the 13 th -century scholar Qutb al-Dln al-ShirazI. [From 
MS Cairo TaFat hay"a 45, fol. 145r, courtesy of the Egyptian National Library.] 











CHAPTER 10 


SCHOOLS OF INSTRUMENT-MAKERS 


The most important contributions to instrumentation were made by individuals working alone. 
(Ibn Yunus in the 10 th century was of this opinion regarding astronomy in general.) As the 
leading lights in this field we may mention Habash al-Hasib and Hamid ibn ‘All al-Wasitl, 
both of Baghdad, the former in the 9 th century and the latter in the 10 th , and al-Khujandl, who 
worked in Rayy and Baghdad in the 10 th century; c All ibn Khalaf and Ibn al-Zarqalluh from 
the 11 th , both active in Toledo; and Ibn al-Sarraj from the 14 th , working in Aleppo. The most 
influential authors, on the other hand, were al-Blrunl in Central Asia in the 11 th century and 
al-Marrakushl in Cairo in the 13 th , both highly competent but neither particularly original, al- 
Blrunl relied heavily on his teacher al-Sijzi, who was familiar with developments in Baghdad 
in the 9 th and 10 th centuries, and al-Marrakushl’s virtue (not to be underestimated) is that he 
seems to have incorporated into his summa every treatise on instruments that he could find. 
The treatise by Ibn al-Sarraj’s mysterious contemporary Najm al-Dln al-Misri, on the other 
hand, bristles with ingenuity, sometimes to the point of overkill, and contains numerous sections 
where the author loses control of his subject. 

There were schools of instrument-makers, often several generations of the same family, 
functioning in the following major centres: 

♦> Baghdad in the 9 th and 10 th centuries. We have the names of the most important of these 
and, happily, a few of their instruments (see now XHIb-c). 

♦> Various centres in al-Andalus in the 11 th century (we have a dozen instruments), and 
especially Cordova and Toledo in that same century for universal astrolabes and plates 
(for these we have texts but no instruments). Isolated examples of Andalusl astrolabes 
survive from the next four centuries. 

❖ Baghdad again in the 12 th century: Hibatallah and his followers. 

❖ Isfahan from the 11 th to 13 th century. We have several instruments, especially those of 
Hamid ibn Mahmud al-Isfahanl and his son Muhammad, and Muhammad ibn Abl Bakr 
al-Ibarl. 

❖ Marrakesh and Seville in the early 13 th century. See the numerous instruments of Abu 
Bakr ibn Yusuf and al-KhamaTrl, respectively, and their many imitators in later 
centuries. 

❖ Damascus in the 13 th century, whence the spectacular instruments of c Abd al-Rahman 
ibn Sinan al-BaTabakkl (XIVc) and c Abd al-Karlm al-Misri. 

❖ Northern Iran and Central Asia in the 14 th and 15 th centuries. We have several 
instruments by the al-Kirmanl family, of which the most important are those of 
Muhammad ibn Ja'far al-Kirmanl known as Jalal (see now XlVd). 
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❖ Granada in the 14 th century, represented by the Ibn Baso father-and-son team; a treatise 
by the father and several instruments by the son survive. 

❖ Aleppo in the early 14 th century. The context of Ibn al-Sarraj and his remarkable 
instruments (see now XIVb-5) is unclear. 

❖ Damascus in the 14 th century. We have several unusual and sophisticated instruments, 
notably by Ibn al-Shatir and also al-Mizz! (see now XlVb), and numerous treatises. 

❖ Delhi in the 14 th century. Alas no instruments seem to survive, but we do have 
descriptions of several instruments made for Sultan Flruz Shah Tughluq. 

❖ Isfahan, and also Meshed, from the 17 th to the 19 th century: several prolific astrolabists, 
all competent but none in any way innovative, including Muhammad Muqlm Yazdl, 
Muhammad Zaman Mashhad!, Muhammad Mahdl, Muhammad Khalil, c Abd al-‘All, 
Muhammad Tahir, Muhammad Amin and c Abd al-ATmma. 

❖ Lahore from the 16 th to the 18 th century. Apparently this activity started with Maqsud 
al-Hirawl; thereafter it continued mainly at the hands of one family stemming from 
Allah-dad (or Ilah-dad), generally more adventurous than their contemporaries in 
Isfahan. 

❖ Istanbul from the 16 th to the 19 th century: numerous quadrants available, surprisingly 
few astrolabes. 

❖ Marrakesh and Meknes from the 17 th (?) to the 19 th century, especially al-Battutl around 
1700. Numerous instruments, mainly astrolabes, survive. 

In the first two-thirds of the 20 th century fake instruments were made in Iran. In the last third 
the scene moved to the Maghrib, and, more especially, India. See the next Chapter. 

Besides the cross-references in the text, the following references may be useful. On instrumentation 
in Mamluk Egypt and Syria see most recently Charette, Mamluk Instrumentation, passim. On 14 th - 
century Delhi see the important new study Sarma, “Sultan, Suri and the Astrolabe”. On the 17 th -century 
Iranian schools see A. Turner in Rockford TM Catalogue, 1:1, pp. 23-26; Savage-Smith, Islamicate 
Globes, pp. 32-60; and King, Mecca-Centred World-Maps, pp. 262-269. On the Lahore school see 
Sarma, “Lahore Astrolabists”. On instrumentation in the Maghrib see King, “Astronomy in the 
Maghrib”, pp. 40-42 and 47-52 (list of surviving Maghribi instruments). On the transmission of 
instrument-related ideas from one end of the Islamic world to the other see now Puig, “AndalusI 
Instrumentation in the Islamic East”. 
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“So ist unser Modell [sic: read Astrolab] (hergestellt in Iran (Esfahan?) im Jahre 1118/1706) 
ein interessantes Beispiel fur die Periode der Dekadenz im Gebrauch des Astrolabiums im 
arabisch-islamischen Kuturraum, als man nicht mehr in der Lage war, es als astronomisches 
Beobachtungsinstrument zu gebrauchen.” Fuat Sezgin & Eckhard Neubauer, Wissenschaft 
und Technik im Islam (2003), II, p. 110, describing what they did not realize was a wretched 
modern fake. 

Numerous late copies of al-Marrakushl’s summa on instrumentation survive, as well as 
countless late compilations of no great originality. Yet even in the mid 17 th century the leading 
astronomer in Istanbul, known as Munajjimak (d. 1667), compiled another summa on 
instrumentation in the tradition of al-Marrakushl (only fragments of this have survived). 
Muslim interest in instrumentation continued into the 19 th century and even into the 20 th . 
Particularly astrolabes and quadrants were still being made, and there were still people who 
knew how to use them. Witness the detailed mathematical investigation of astrolabes, 
quadrants, and sundials published in Arabic and Turkish by Ahmad Mukhtar Basha in Cairo 
as late as 1875. Similar interests were exhibited by Fatih Gokmen, the founder of Kandilli 
Observatory, who died in 1955: he compiled a booklet on the theory and practice of operations 
with the sine quadrant. But all this was too late for any wide-scale practical application in the 
traditional context. 

The study of Islamic instruments is but a small chapter in the history of Muslim interest in 
astronomy for over a millennium. The splendid miniature of the Observatory in Istanbul in 
the late 16 th century (see Fig. 1.1) brings these instruments back to life again, and helps to 
save us from the antiquarian attitudes so prevalent amongst those who deal only with 
instruments. We need to be liberated from the notion that Islamic instrumentation is of 
consequence only as a prelude to European developments in this field. Various Islamic 
instruments and related mathematical procedures were influential in medieval Europe; indeed, 
instrumentation in medieval and Renaissance Europe can often barely be understood without 
reference to the Islamic tradition. For both the conception and design of Islamic instruments 
was highly influential in Europe, although this is often not immediately apparent. This is, of 
course, not to say that before, say, 1500, we do not find real innovations in medieval Europe: 
witness, for example, the some of the writings of Richard of Wallingford. In recent years, it 
has become increasingly obvious that moist of the major technical innovations in Renaissance 
instruments have their counterparts in earlier Islamic instrumentation. After all, before the 
introduction of the telescope, the interest in astronomy was similar in both milieus. There is 
as yet little published literature on this topic, which will surely attract some interest. 

In general, it is fortunate for the history of Islamic instrumentation that the majority of 
important individual instruments are now preserved in major museums in the West, most of 
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which have administrations that further research. The oldest surviving Islamic astrolabe (8 th 
century?) was housed, at least until recently, in the Archaeological Museum in Baghdad 
(XHIb): inevitably, it is currently inaccessible. On the other hand, one instrument, namely the 
Zlj al-safaih constructed by Hibatallah (5.3), was lost for 50 years simply because it ended 
up in the West. Instruments such as sundials that have not come to enjoy the relative security 
of museums have suffered much abuse. Most surviving mosque sundials, which represent but 
a small fraction of those that once existed, are no longer functional because they have been 
divested of their gnomons. I have seen a gnomon on a sundial in Istanbul twisted to support 
a wire for a telephone and a sundial in Damascus covered by a modem drainpipe. On the other 
hand, the man responsible for regulating the prayer-times in the main mosque in Fez in the 
1970s (captured in Nasr, Islamic Science, pi. 79 on p. 121) apparently still used a sundial when 
he could perfectly well have read the prayer-times from a daily newspaper or wall-calendar 
or have used the watch he was wearing to find the appropriate time to announce the call to 
prayer. 

Islamic instrumentation came to a rather unhappy end in the late 20 th century. Until the 
Islamic revolution astrolabes were fabricated in Iran for tourists, and now the major source 
of fakes appears to be India. Some of these are featured as genuine instruments—“India, ca. 
1800”—in a recent catalogue of a large private collection in London. In the past ten years some 
very large instruments made recently in India have appeared at auction houses in London and 
Paris; some of these bear inscriptions which could fool any art-historian and even any Arabist 
for a while. An astrolabe made for the famous 14 lh -century traveller Ibn Battuta to take on his 
world voyage was on sale in Fez in the 1980s for US$ 75,000 (Fig. 11.1). Most of the Islamic 
astrolabes which pass through—that is, in and usually straight back out of—the major auction 
houses in London are fakes. And the majority of them are immediately identifiable as trash 
(Fig. 11.2-3). 

On the same subject, it is an open question what kind of service has been done to our field 
by Fuat Sezgin in Frankfurt, with his monumental collection of models and reconstructions 
of Islamic instruments. This is not to say that this collection, and the richly-illustrated 
catalogues describing it, will not boggle the minds of most people who see them. And this 
is not to say that it may prove useful even for specialists to see reconstructions of instruments 
hitherto known only from texts. The sad thing is that the real instruments themselves attract 
so little interest, both from the museums that own them and from armchair historians who have 
never seen a historical instrument in their lives, let alone published one. 

On the brighter side, perhaps, electronic watches and devices are now available for jetset 
Muslims that beep at the prayer-times and deliver recorded prayer-calls, and some even purr 
when properly aligned in the qibla. But these are a far cry from the call of the muezzin and 
also from the beautiful astronomical instruments of the past. There is much work still to be 
done on the latter, and there are surely important instruments unknown to us that are gathering 
dust in private collections, particularly those in Iran and India. But the instruments are many, 
and the workers very, very few. 
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Figs, ll.la-e: At first sight this is a respectable medieval Maghribi astrolabe (a). But the inscriptions on the 
front of the throne (b) confirm “this is the astrolabe”, and already we smell a rat. Those on the back (c) indicate 
that it was presented to the Ibn Battuta just in time for him to take it on his world voyage. The maker was not 
even able to write the star-name al-tair (d) or the place names Misr (for Cairo) and Sijilmasa (e) properly. 
Whoever bought this astrolabe from a very clever vendor in Fez tried to hawk it at Christie’s and then at Sotheby’s 
in the 1990s. Christie’s sent me photos and I demolished it for them, but months later I just happened to be 
at Sotheby’s on the very day when it was brought in for an estimate. The owner had left Christie’s somewhat 
mazlum and he must have left Sotheby’s mazlum khalis. [Photos by the author.] 
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Figs. 11.2a-b: Most fakes are immediately recognizable as such. On this piece there are no star-names on the 
rete, but there are no star-pointers either (a). On the back is a ridiculous male figure identified as Saturn, and 
some nonsensical inscriptions mentioning Ptolemy and a certain star (b). On the mater are illustrations of the 
12 zodiacal signs. [Photos courtesy of Christie’s, London.] 



Fig. 11.3: Again the rete on this astrolabe is a piece of junk. But the mater and plates are from a genuine astrolabe 
by the well-known and prolific astrolabist Hajjl c All (Isfahan, ca. 1700). For this reason I am always grateful 
for a chance to look through “junk” at Christie’s or Sotheby’s. [Photos courtesy of Christie’s, London.] 
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On Munajjimak see Cairo ENL Survey, no. H23, and ihsanoglu et al., eds., Ottoman Astronomical 
Literature, II, pp. 304-305 (no. 163). On Mukhtar Basha see ibid., II, pp. 701-706 (no. 543). On Fatih 
Gokmen see ibid., pp. 720-725 (no. 555). On the influence of Islamic instrumentation in the European 
Middle Ages and the reappearance of Islamic instrument types in the Renaissance see King, 
“Astronomical Instrumentation between East and West”, pp. 144-145, 154, 156, 161, and 168-169, 
and some works still in preparation. Some remarks are in my “Review of G. Turner, Elizabethan 
Astrolabes ”, esp. pp. 149-150. 

On fake Islamic instruments, see Brieux, “ Authenticity des astrolabes”; Gingerich & King & Saliba, 
“The c Abd al-ATmma Astrolabe Forgeries”; London Khalili Collection Catalogue, pp. 195-196 and 
199 (to be used with caution), and my review “Cataloguing Islamic Astronomical Instruments”, esp. 
cols. 251 and 257-258. On fake European instruments, mainly “Renaissance” ones made in the 19 th 
and 20 th centuries, see Price, “Fake Antique Scientific Instruments”. The same Delhi workshop that 
produced the fake Islamic astrolabes featured in London Khalili Collection Catalogue, pp. 237-238, 
nos. 135-136 (on which see my review, col. 257), is now also producing quite respectable-looking 
European instruments, confirming my hypothesis of the collaboration of a well-informed European or 
American—see now XIVf-7. 

On the Frankfurt collection of replicas and models in the Institut fur Geschichte der Arabisch- 
Islamischen Naturwissenschaften in Frankfurt, see now the five splendidly-produced volumes of Sezgin 
& Neubauer, Wissenschaft und Technik im Islam (2003). Vol. 1 purports to be an introduction to the 
history of science in Islam. However, it is based mainly on early writings on the subject and ignores 
most of the research that has been conducted since ca. 1950 except that by the principal author, some 
of which is highly controversial. The work would have been a real Bahnbrecher a century ago. In Vols. 
2-3 on astronomical instruments, the innocent reader must take care to try to distinguish between copies 
of actual instruments, sometimes with dubiously rendered (or deliberately simplified) inscriptions, and 
models based on speculation from descriptions in textual sources and occasionally on sheer fantasy. 
I do not wish to imply any impropriety here, but it seems highly inappropriate that a reconstruction 
of al-Sufi’s celestial globe becomes in the title “ Der Himmelsglobus von c Abdarrahhman al-Sufi” (my 
italics). The bibliography on some of the individual astronomical instruments represented is not to be 
taken seriously, for authors now dead who mentioned the pieces in passing are cited with enthusiasm, 
but living authors who actually published the pieces in question in detailed studies are deliberately 
ignored. Likewise, the particularly Islamic aspects of Islamic science are also deliberately ignored, 
almost as if they were an embarrassment. A “real” astrolabe dated 1118 H [= 1706] from the collection 
of the Institute is included; it is a modern fake, and it is sad that the authors of this book could not 
even recognize it as such. The most useful parts of vol. 2 are perhaps the reconstructions of observa¬ 
tional instruments and equatoria. I leave it to others to judge the rest for themselves. 
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By definition a Japanese engineer trained in Japan who then works in Brazil and who then 
becomes professor of the history of science in Germany is unique. But Yas Maeyama is unique 
amongst Japanese ex-engineers and German professors because of his warmth, kindness and 
consideration for others, and no less for his passion for his chosen subject, the history of 
astronomy from Antiquity to early modem times. It has been my pleasure to work alongside 
him since 1985, to marvel at his tenacity and insights vis-a-vis complicated problems in the 
history of mathematical astronomy, be it Chinese, Babylonian, Greek or early modem 
European. Some 25 of his scholarly productions are now reprinted in a weighty tome entitled 
Astronomy in Orient and Occident — Selected papers on its cultural and scientific history, 
Hildesheim, Zurich, New York: Georg Olms, 2003. The studies treat specific quantitative 
problems of positional astronomy from China to Babylon and from Greece to Central Europe 
during a period of over 3,000 years. It was also my privilege to have occasionally enjoyed 
a Pils or two with him after work, and to savour the delights of his cooking. I wish him many 
more years of creative activity. 

The first version of this study was written with considerable assistance and encouragement 
from Dorothea Girke. It is the fruit of a seminar on Islamic astronomical instmments at the 
Institute of the History of Science in Frankfurt during the Summer Semester of 1988. The 
subject was the unique Dublin (Chester Beatty) manuscript of an anonymous 14 th -century 
treatise in which the author described and illustrated over 100 instrument-types known to him 
from his predecessors or invented by himself. Dorothea Girke was the sole participant in this 
seminar, but we plodded away and read parts of this and other related texts together and 
discussed them ad nauseam. There is the famous story of the German professor who had no 
students at all attend his lectures but stood there and read his lectures anyway. This “German 
professor” was delighted that one interested doctoral student was there to share the excitement 
of working on previously-unstudied materials. Whether I would have written the history of a 
formula had it not been for the seminar is an open question. But in any case it seemed like 
a good idea at the time and we certainly had a lot of fun. Dr. Richard Lorch of Munich made 
various corrections to the first draft of the study and useful comments thereon, but he bears 
no responsibility for any remaining defects. 

In the first version of this study, the anonymous treatise in the Chester Beatty manuscript 
with all of its tables for latitude 36° (serving Aleppo) was attributed by me without question, 
and not totally without good reason (who else was there in Aleppo at the time?), to Ibn al- 
Sarraj. It has since been shown by Francois Charette that this treatise is in fact by Najm al- 
Dln al-Misrl, who worked in Cairo, but for reasons best known to himself, included in his work 
tables serving the latitude of the 4 th climate, which does not, in fact, serve Aleppo very well 
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at all. (The explanation may be that our author was influenced by the diagrams for 36° in the 
treatise on astrolabe construction by al-Blrunl.) Not only does Ibn al-Sarraj go up in my 
estimation with Charette’s discoveries, but also Najm al-Dln al-Misrl. The interested reader 
should consult Charette’s Mathematical Instrumentation in Fourteenth-Century Egypt and 
Syria , which goes far beyond the present study in its analysis of Najm al-Dln’s remarkable 
and ideosyncratic work. I am grateful to Francois Charette for checking this new version for 
consistency and accuracy, not only to ensure that all of the “superfluous Ibn al-Sarrajs” have 
been suppressed. I have also removed all of the translations laboriously made by Dorothea Girke 
and myself of the relevant sections of the treatises of al-Marrakushl and Najm al-Dln al-Misrl, 
not least to encourage the reader to consult the translations of Sedillot-pere and Charette. Also, 
the reader should keep in mind that at the time when I wrote this study I was primarily interested 
in applications of the universal formula and the theory underlying the various astronomical 
instruments, rather than the instruments themselves. Furthermore, the text was written before 
I really became involved with instruments on a full-time basis. 

I have not modified the basic text in the light of my new study of the universal horary quadrant 
in XEIa, written some 14 years after the first version of this one, but, in an attempt to minimize 
the inevitable duplications, I have added a few cross-references and moved some of the 
illustrations from XI to Xlla. Moge die Ubung gelingen\ 
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SUMMARY 


This study deals with an approximate formula for finding the time of day from an observed 
solar altitude for any latitude which was widely used for over a millennium, by astronomers 
both in the Near East and Europe, by some wittingly and by others in total innocence. The 
extent to which it was used is now apparent: numerous medieval tables for timekeeping are 
based on this formula and most horary quadrants likewise. These represent respectively nu¬ 
merical and graphical representations of the formula. 

I illustrate the utility of the formula and the associated tables and instruments and draw 
attention to their limitations. The formula does serve as a reasonable approximation for most 
practical purposes in latitudes corresponding to the region where it was introduced (India or 
Iran?) and first extensively used (Iraq), but it is less reliable in the higher latitudes of Europe. 

From the 9 th century onwards, Muslim astronomers compiled tables based on our formula 
and purporting to be universal: these displayed either the time of day in seasonal hours as a 
function of the instantaneous solar altitude or the solar altitude as a function of the time of 
day. Some of these tables made their way to Europe and Byzantium. It can also be shown that 
certain Islamic timekeeping tables for specific latitudes are based on the approximate formula. 

Various Muslim astronomers tried their hand at devising instruments marked with graphical 
representations of our formula. One of these bears the name of the 8 th -century astronomer al- 
Fazari. Two astronomers of the Mamluk Cairo, al-Marrakushl (ca. 1280) and Najm al-Dtn al- 
Misrl (ca. 1325), exploited such graphical representations for all that they were worth. 

We shall see that the most popular variety of universal horary quadrant is but a simple and 
elegant development of the earliest form of trigonometric quadrant, devised specifically for 
reckoning time with the formula (this was hypothesized already by Richard Lorch in 1981). 
Both of these instruments date from the early 9 th century, and the earliest texts on them were 
compiled in Baghdad. The universal horary quadrant needs only a thread or an alidade attached 
at its centre to achieve its purpose; it does not, contrary to some claims in the modem literature, 
need a radial solar scale or a movable cursor around its rim to make it work for a particular 
latitude. However, the Arabic texts inform us that the universal horary quadrants were 
sometimes fitted with movable cursors, a combination also known from ll th -century Europe 
as quadrans vetus : the Near Eastern origin of this instrument is thus now firmly established. 

The introduction of the so-called quadrans novus in Europe in the 13 th century is often hailed 
in the modem literature as a great step forward, but the main function of the instmment— 
timekeeping—is nevertheless approximate, and, for latitudes as high as those in Europe, 
unsatisfactory. The most original feature of the quadrans novus, the representation of the 
ecliptic and local horizon on a quadrant, had been achieved in Egypt at least two centuries 
prior to its introduction in Europe. The combination of universal hour-lines and a stereographic 
representation of the ecliptic and horizons for particular latitudes on the Profatius quadrant is 
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an unhappy one. Notwithstanding this defect the quadrans novus was popular for several 
centuries in Europe; it was, however, not known in the Islamic world. 

Muslim astronomers favoured the more satisfactory, mathematically accurate astrolabic 
quadrant for a specific latitude, introduced in Egypt in the 11 th or 12 th century. They devised 
several varieties, of which, however, only one—the standard astrolabic quadrant with a 
trigonometric grid on the back—was widely manufactured. This instrument, unknown in 
medieval Europe, remained popular with them until the 19 th century. Horary quadrants for 
specific latitudes are known to have been made from ca. 825 onwards in the Near East. These 
became very popular in later European astronomy. Some of these instruments, which concern 
us here, were adapted from the universal horary quadrant by the provision of a solar scale 
devised to restrict the markings to a specific latitude. 

A survey of Islamic horary quadrants for a specific latitude has been prepared in a parallel 
study by Merce Viladrich. More recently, Francois Charette has contributed a new study of 
such instruments within the context of Islamic instrumentation generally. In the European 
tradition until ca. 1700 even horary quadrants for a fixed latitude also bore universal markings 
in addition to the main markings. Islamic astrolabic quadrants for a fixed latitude up to as late 
as ca. 1900 also bore such markings. In both cases this is a tribute to the versatility of the 
graphic representation of our approximate formula, which in its original form had, by the early 
modem period, been long forgotten by all concerned. 

Our formula, its virtues and its limitations, are nowhere adequately described in the modem 
literature on the history of astronomy or on astronomical instrumentation. Yet to write the history 
of this approximate formula is to take it out of its context as a companion to the accurate formula. 
I have shown in I and II what Muslim astronomers could do with the accurate formula, including 
here and there tables based on this approximate formula. Also, in Vla-b I have shown how the 
passion of Muslim astronomers for universal solutions based on the accurate formula manifested 
itself. Furthermore, I have shown in III and IV what Muslim legal scholars did with an even 
simpler, arithmetical formula for timekeeping. So now we consider the trigonometric approximate 
formula in isolation. It is first necessary to realize that the formula is approximate because it is 
universal and independent of latitude, also that it works singularly well in the latitudes in which it 
was first proposed. Part of the historical importance of the formula is that it underlies the universal 
horary quadrant, a highly ingenious instrument that has been misunderstood and even abused in 
the modem literature. We consider the history of this quadrant here below, and then again in more 
detail in XHa. 


CHAPTER 1 


INTRODUCTION 


“ ... the only true waste of time is that of counting hours.” Gargantua, quoted by Sigrid and 
Klaus Maurice, “Counting the Hours” (1980), p. 156. 

“II est sur que la methode est inexacte. (al-Marrakushl) parait n’en sentir la raison, et l’espece 
d’incertitude qu’il laisse entrevoir ne ferait pas beaucoup d’honneur a ses connaissances 
theoriques.” Jean-Jacques Sedillot ipere), Traite (1834-35), I, p. 250. 

“Les arcs des heures egales traces (sur un diagramme des heures inegales), s’ecartent peu des 
arcs des heures inegales, et quand on superpose les deux, la figure devient confuse.” Henri 
Michel, Traite de Tastrolabe (1947), p. 84. 

“All (Islamic) approximate methods and instruments are related to a formula for timekeeping 

of Indian origin.We shall encounter in Najm al-Dln’s treatise numerous instruments, 

notably sundials, based on the application of this formula.Yet the main objective of 

Mamluk authors in miqat was to develop methods and to design instruments that are fully 

universal, without the cost of approximation.The introductions of Mamluk works on 

instrumentation reflect the obsession of their authors for universal solutions. Universality 
was a major virtue.” Frangois Charette, Mamluk Instrumentation (2003), p. 22. 

“Truth is much too complicated to allow anything but approximations.” The mathematician 
John von Neumann (b. Budapest, 1903, d. Washington, D.C., 1957), quoted in The 
Mathematical Intelligencer 10:2 (1988), p. 47. 


1.1 Astronomical timekeeping in the medieval Near East and Europe 

The mathematical formula for reckoning the time of day from an observed altitude of the sun 
or any non-circumpolar star is not trivial, involving several trigonometric functions as well 
as various arithmetical operations. The formula was first derived in ancient India, and it became 
known to Muslim scholars in the 8 th or 9 th centuries as a result of their contact with these Indian 
sources. Serious astronomers were not daunted by it, and indeed most of the impressive activity 
of the Muslim scientists in astronomical timekeeping from the 9 th to the 16 th century, both in 
the development of instruments as analogue or computational devices and the preparation of 
enormous tables for timekeeping for specific latitudes, involved accurate trigonometrical 
procedures (I-II). 

Alongside the astrolabe the astronomers used quadrants and sundials of different kinds. Yet 
it was known that calculation would yield more precise results than operations with analogue 
or computational instruments. Thus corpuses of tables were compiled for the major centres 
of this activity (in particular Cairo, Jerusalem, Damascus, Taiz, Tunis, and Istanbul), these 
containing anything between 5,000 and 100,000 entries. The tables displayed the time since 
sunrise, and/or the hour-angle as a function of instantaneous solar altitude, sometimes with solar 
longitude as the second argument, sometimes with the solar meridian altitude; the duration of 
morning and evening twilight; and the times of the day-light prayers (which in Islam are defined 
in terms of shadow-lengths). 

Most of this activity was unknown in medieval Europe, and those Arabic astronomical works 
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that were translated did not include tables for timekeeping. The early development of 
timekeeping in al-Andalus and Sicily is obscure indeed, there being simply no sources of 
consequence preserved. The first European tables for timekeeping are usually simple ones 
showing nothing more than the solar altitude at the hours and specifically intended for the 
construction of portable sundials. By the 14 th century a more sophisticated corpus such as that 
compiled in Oxford also included tables for twilight (1-10.1-2). 

1.2 Two approximate formulae for timekeeping 

Now the earliest Muslim astronomers also adopted two approximate Indian formulae for 
deriving the time of day more simply, one arithmetical and the other trigonometric. The 
arithmetical formula, which relates the time of day in seasonal hours to the increase of the 
shadow over its midday minimum, does not concern us here, though see 12 and the detailed 
study in IV. The trigonometric formula works reasonably well for practical purposes and was 
used, sometimes explicitly but more often implicitly, by various groups throughout the 
medieval period. 

As we shall see, the formula underlies various tables for timekeeping preserved in the Arabic 
sources, and—I suspect but cannot yet prove—also in the Latin sources. It also inspired various 
instruments for timekeeping invented in the 9 th century and used throughout the Middle Ages, 
again in both the Near East and the Latin West. Already in 1819 Jean-Baptiste Delambre pointed 
out that the most popular variety of horary quadrant functions only approximately, 1 and in 1925 
Joseph Drecker established that with this instrument the time was given according to our 
approximate formula. 2 Jose Millas Vallicrosa appears to have been the first modem scholar 
to associate the specific formula attested in medieval texts with the horary quadrant. 3 In an 
insightful study published in 1980 Richard Lorch hypothesized that the horary quadrant had 
been derived from the simple trigonometric quadrant, 4 a theory that I can happily support. 

On the other hand, most modem descriptions of such instmments, the simple horary quadrant 
common on the backs of astrolabes or the quadrantes vetus and novus, usually ignore the fact 
that these rely on an approximate procedure. I shall also see how two Muslim astronomers 
of note, namely al-Marrakushl and Najm al-Dln al-Misrl, exploited this formula for all that 
it was worth. Their other writings attest to their competence in astronomical instrumentation 
generally and also the compilation of accurate tables based on complicated trigonometrical 
procedures, as well as—at least in the case of Najm al-Dln al-Misrl (al-Marrakushl was more 
eclectic)—in the invention of ingenious new instmments. Their involvement with the 
approximate formula is to be seen as yet another episode in the history of Muslim interest in 
solutions to problems of spherical astronomy for all latitudes (Vla-b). 


1 Delambre, HAMA, pp. 243-247. 

2 Drecker, Theorie der Sonnenuhren, pp. 86-87. 

3 Millas Vallicrosa, “Cuadrante con cursor”, pp. 91-92. 

4 See Lorch, “Universal Horary Quadrant”. (The argumentation is somewhat obscured because the hour-angle 
in degrees is considered rather than the time since sunrise in seasonal hours.) The versatility of the earliest form of 
the trigonometric quadrant is well illustrated in idem, “Sine Quadrant”. 
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1.3 The sources used for the present study 

Our main sources are: 

1.3.1 The treatise on astronomical timekeeping by the celebrated early-1 l th -century scientist of 
Central Asia, al-Blrunl, extant in MS Bankipore 2468,36, copied in 632 H [= 1234/35], and 
published in an uncritical edition in Hyderabad in 1948, and translated with commentary by Ted 
Kennedy in 1976. 5 al-Blrunl has preserved for us fragments of various very early Islamic 
astronomical writings, including two in which our formula is attested. 

1.3.2 Two collections of short treatises with tables, probably to be associated with the well- 
known early-9 th -century Baghdad astronomer al-Khwarizml, 6 preserved in MS Istanbul Ayasofya 
4380 (especially fols. 185v-204r, copied in Damascus in 626 H [= 1229]) and MS Berlin Landberg 
56=Ahlwardt 5793 (fols. 77v-97r, copied ca. 1500 probably in Egypt or Syria); 7 and an anonymous 
Abbasid treatise on the horary quadrant preserved in MS Cairo DM 969,4 (fols. 8v-9v, copied ca. 
1800, probably in Meshed). 8 On this last see now XHa. In addition, an anonymous Andalusl 
treatise, possibly from the 12 th century, on twelve different kinds of horary quadrants, preserved 
in MS Cairo TM 155,3 (fols. 19r-21v, copied ca. 1700, probably in Egypt). 9 

1.3.3 A series of astronomical handbooks with tables, called zije s in Arabic and preserved in 
various manuscripts, which happen to contain material relevant to this study. 10 The most useful of 
these turns out to be a Syrian recension of the Zij of Ibn Ishaq, who worked in Tunis in the early 
13 th century. This precious source is preserved in the unique copy MS Hyderabad Andra Pradesh 
State Library 298 (200 fols., copied ca. 1400). 11 

1.3.4 The summa on astronomical instruments compiled by al-Marrakushl in Cairo in the late 
13 th century. This work was the object of two monumental studies by the Sedillots pere et fils in 


5 On al-Blrunl (11:2.2) see the article by E. S. Kennedy in DSB. For translation of, and commentary on, his 
treatise On Shadows (Sezgin, GAS, V, p. 380) see Kennedy, al-Biruni’s Shadows, I and II. 

6 On al-Khwarizml (11:3.1) see the article by Gerald Toomer in DSB. On the Berlin manuscript see Berlin 
Catalogue, p. 227. The Istanbul manuscript is uncatalogued, and only parts of its contents have been listed in the 
reference works of Max Krause and Fuat Sezgin. The relevant parts of both manuscripts were studied briefly, and 
in a very preliminary fashion, in King, “al-Khwarizml”, pp. 7-11. A new study of all of the materials on instrumentation 
associated with al-Khwarizml is in Charette & Schmidl, “al-Khwarizml on Instruments”. 

7 Berlin Catalogue, p. 227. 

8 Cairo ENL Survey, no. B105. 

9 Cairo ENL Survey, no. F6. The dating follows from the fact that al-Marrakushl (see n. 1:12) used a treatise 
of this kind for his survey of horary quadrants for a specific latitude. The connection with al-Andalus follows from 
the other treatises in the manuscript. See now Viladrich, “Horary Quadrants”. 

10 On Islamic zije s see Kennedy, “Zij Survey”. In 1956 Kennedy was able to list 125 such works; now some 
200 are known to have been compiled between 750 and 1750: see the new overview in King & Samso, “Islamic 
Astronomical Handbooks and Tables”, with a shorter version in the article “Zldj” in EI 2 . 1 have usually not inserted 
references to this new overview because it will shortly be rendered redundant by the new zij survey that has been 
prepared by Dr. Benno van Dalen in Frankfurt. 

11 On Ibn Ishaq and his Zij (11-13.1) see now Mestres, “Hyderabad MS of the Zij of Ibn Ishaq”, and idem, Zij 
of Ibn Ishaq. 
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the 19th century. 12 It is available in several manuscript copies, of which I have used MS Istanbul 
Topkapi A.III 3343 ( ca. 375 fols., copied in 1346). Only Carl Schoy has worked on the text since 
the time of the Sedillots, but in his various writings on Islamic gnomonics 13 he did not treat of the 
universal sundials that I describe in this paper. 

1 . 3.5 The treatise on the construction of astronomical instruments by the Cairene astronomer 
Najm al-Dln al-Misrl (ca. 1325). 14 This is extant in MS Dublin CB 102,2 (fols. 28v-99v, copied 
ca. 1350) and an incomplete copy (38 fols., also ca. 1350) recently auctioned at Christie’s of 
London. 15 This remarkable work contains descriptions not only of all instruments invented by him 
but also of all instruments known to him; it thus supplements the magnum opus of al-Marrakushl. 
(It is not known whether Najm al-Dln al-Misrl intended, or actually achieved, the compilation of 
a companion volume on the use of these instruments.) Although his predecessor al-Marrakushl 
had exploited our formula for almost all that it was worth, Najm al-Dln al-Misrl was not at a loss 
to devise yet more instruments based on it. His manipulations with our formula will probably also 
surprise a reader or two. 

1 . 3.6 In October, 1988, as the first version of this study was in its final stages, I quite by chance 
came across some photographs of a “Treatise on geometry” attributed to the Aleppo astronomer 
Ibn al-Sarraj (ca. 1325) 16 preserved in MS Princeton Yahuda 4657 (4983), consisting of ca. 15 
fols., copied ca. 1500 (?). 17 This turns out to be a fragment of a substantial treatise on 
instrumentation, some of which were invented by Ibn al-Sarraj. The investigation of the Princeton 
manuscript is a task for the future. 18 He describes six basic varieties of trigonometric quadrant 
described by the author. His prowess in the field of universal solutions is already well established 
now that his remarkable quintuply-universal astrolabe has been studied. 19 


12 On al-Marrakushl (I-4.2.4 and II-2.7 and 6.7) and his role in Mamluk astronomy see the article in EI 2 and 
King, “Astronomy of the Mamluks”, pp. 539-540. The first part of his treatise dealing with spherical astronomy and 
sundials was translated in Sedillot -pere, Traite\ a survey of the second part dealing with other instruments is in 
Sedillot-fils , Memoire. A facsimile “edition” of the Topkapi manuscript in two volumes, albeit with new pagination 
(and the original foliation deliberately removed), was published by the Institut fur Geschichte der Arabisch- 
Islamischen Wissenschaften in Frankfurt in 1984. 

13 See Schoy, Gnomonik der Araber, passim , and other articles reprinted in idem , Beitrage. 

14 On Najm al-Dln (Suter, MAA , no. 460; Cairo ENL Survey , no. Cl 6; and King, “Astronomy of the Mamluks”, 
p. 540) see the new study Charette, Mamluk Instrumentation. The Dublin manuscript contains a treatise on the use 
of his universal table for timekeeping (I-2.6.1) as a universal auxiliary table for solving all problems of spherical 
astronomy (1-9.3*). 

15 The Dublin manucript was described amongst Persian manuscripts in Dublin CB Persian Catalogue , pp. 2- 
3. I first encountered this manuscript in the summer of 1982, and in all writings up to 1999 have referred to it as a 
work by Ibn al-Sarraj—see King, Mecca-Centred World-Maps , p. xxix, for an apology. The other copy was first 
described in Christies London 11.04.2000 Catalogue (Islamic Art and Manuscripts) , pp. 14-17 (lot 22), written by 
Frangois Charette and myself. On these two manuscripts, see now Charette, Mamluk Instrumentation, pp. 28-43. 

16 On Ibn al-Sarraj (Suter, MAA, no. 508 (confused)) see Cairo ENL Survey , no. C26, and King, “Astronomy of 
the Mamluks”, pp. 544-546, also X-5.2 and the references cited in n. 19. 

17 On the manuscript see Princeton Catalogue (not available). 

18 An extensive commentary on this work by Ibn al-Majdl (Cairo, ca. 1450—see Suter, MAA , no. 432, and 
Cairo ENL Survey , no. C62) is in MS Damascus Zahiriyya 4133 (142 fols., copied ca. 1500), of which I had 
acquired a microfilm in the 1970s—see now Charette, “Der geflugelte Quadrant”, esp. p. 27. 

19 See already King, “The Astronomical Instruments of Ibn al-Sarraj”, first published in idem , Studies , B-IX, 
amd now XIVb-5.1. A detailed study is in Charette & King, The Universal Astrolabe of Ibn al-Sarraj (forthcoming). 
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1.3.7 Various relevant Hebrew, Byzantine and European sources, including an English manuscript 
of the Toledan and Alphonsine Tables , miscellaneous texts on astrolabes and horary quadrants, 
and a 14th-century Spanish treatise on astrology. I make no claim to have exhausted such sources, 
having relied mainly on what is published; however, it seems reasonable to suppose that most of 
this material—with the exception of the unhappy quadrans novus —owes its inspiration to the 
Islamic tradition. 

And, last but not least: 

1.3.8 Various Near Eastern and European instruments, known to us from the long-outdated 
survey of astrolabes by Robert T. Gunther and the same author’s earlier study of astronomical 
instruments in his Early Science in Oxford, as well as various catalogues of individual collections. 20 
The catalogues of auctions at Christie’s and Sotheby’s also contain useful descriptions. The 
forthcoming inventory of Islamic instruments by Francis Maddison and the late Alain Brieux 
promises to revive some interest in this aspect of the history of Islamic astronomy; 21 and my long¬ 
term project to catalogue all medieval Islamic and European instruments continues slowly. 22 What 
we know about such instruments will remain very much a matter of chance until the surviving 
pieces are catalogued. I make no claim here to have dealt systematically with the European material; 
nevertheless, where I can point to parallel developments in European instrumentation, I have 
done so. 

I have edited and translated all known early treatises on the quadrant, but this material is 
not yet published. Horary quadrants for a specific latitude are now described in a new study 
by Merce Viladrich 23 and those described by Najm al-Dln al-Misrl are treated in greater detail 
and within their historical context by Francois Charette. 24 

1.4 The notation used in the analysis 

No great mastery of spherical astronomy, or even of trigonometry, is necessary to understand 
the material presented in this study. Seasonal hours—used in Antiquity and throughout the 
Middle Ages in popular practice—are one-twelfth divisions of the length of daylight or night; 
they thus vary throughout the year and only at the equinoxes are the day-hours the same length 
as the night-hours. Clearly the time of day depends upon the altitude of the sun, but also upon 
the season and the local terrestrial latitude; in fact, the time of day (in equatorial degrees since 
sunrise or before midday) on a particular day in a specific locality can be—and generally was 


20 See Gunther, Early Science in Oxford, II, and idem, Astrolabes. The major catalogues are listed in X-l. 

21 See Brieux & Maddison, Repertoire (forthcoming). Previously the fundamental reference work was Mayer, 
Islamic Astrolabists (Islamic astrolabes, quadrants, and sundials, very reliable but long outdated). 

22 See King, “Medieval Instrument Catalogue”. This project began after the completion of the first version of 
the present study. 

23 Viladrich, “Horary Quadrants”. More information on the instruments of this kind presented by Najm al-Dln 
al-Misrl is provided by Francois Charette (see next note), who is anyway more reliable on the mathematical aspects 
of the quadrants. 

24 Charette, Mamluk Instrumentation, pp. 113-139. 
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in medieval astronomy—expressed trigonometrically in terms of the observed solar altitude 
and the solar meridian altitude and half length of daylight on the day in question. But already 
in the medieval period astronomers also used an equivalent formula (similar to the modem 
one) in which the time is expressed in terms of the instantaneous altitude, the celestial 
declination, and the local latitude. Most of the instruments I shall describe also serve the 
determination of the time of the c asr prayer in the mid-afternoon (it is understood that the zuhr 
prayer begins just after midday)—on the definitions of the time of the daylight prayers in Islam 
see IV. 

I use the following notation freely: 
a azimuth (measured from the prime vertical) 
a as a subscript, relates to the c asr (mid-aftemoon) prayer 

d excess of half the length of daylight over 90° 

D half the length of daylight (= 90° + d) 
h solar altitude (negative for depression below horizon) 
h as a superscript, equinoctial hours 
H solar meridian altitude 

i number of seasonal hours (1, 2, ... , 6); as a subscript, relates to the i th seasonal hour 
n length of gnomon (usually 12 units); as a subscript, relates to length of gnomon 
r duration of morning twilight; as a subscript, relates to morning twilight 

R base for medieval trigonometric functions (= 150 or 60 for Sine, 12 for Cotangent or 

Tangent); radius for quadrants 

s duration of evening twilight; as a subscript, relates to evening twilight 
sdh seasonal day hours, also as a superscript 
snh seasonal night hours, also as a superscript 
t hour-angle 

T time since sunrise before midday, time before sunset after midday 
z horizontal shadow 

z' vertical shadow 

Z horizontal shadow at midday 

Z' vertical shadow at midday 

5 declination 

Az increase of horizontal shadow over midday minimum ( = z - Z) 

X solar longitude 

X' ecliptic longitude measured from nearer equinox 
X * longitude of opposite point on ecliptic (X* = X + 180°) 

0 local latitude 

0 complement of 0 

I also use the standard modern notation for medieval trigonometric functions to bases other than 
unity. Thus: 

Sin R 0 = R sin 0 and Cot n 0 = n cot 0. 
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Typical of very early Islamic works is the use of R = 150, as in the Indian tradition; later R = 60 
predominated. For shadow functions the use ofn = 12orn = 7 was the most common. 

All entries in the tables are expressed sexagesimally to base 60. Numbers in Arabic, Hebrew, 
and (Byzantine) Greek sources are written in the appropriate alphanumerical notation, and in 
the European tables in the Roman or the Hindu-Arabic systems. 


CHAPTER 2 


THE APPROXIMATE TRIGONOMETRIC FORMULA 
FOR TIMEKEEPING 


2.0 Introductory remarks 

The simple trigonometric formula relating T to h and H, which satisfies the boundary conditions 
that T = 0 when h = 0 and T = 6 when h = H, and which also works reasonably well for all seasons 
of the year and all sensible terrestrial latitudes, 1 is the following: 

T = { V 15 arc Sin [ R Sin h / Sin H ] } sdh 
In fact the formula is exact for any latitude when the sun is at the equinoxes, for then l sdh = 15°. In 
various zzyes it is therefore often given as a special case of the accurate solution. 2 

Those who used the formula in the medieval period assumed—implicitly or explicitly—that 
it was valid for all solar declinations at all sensible terrestrial latitudes. Both al-Marrakushl 
and Najm al-Dln al-Misrl (3.6 and 3.7) were happy to advocate its use for latitudes between 
0° and 48°, that is, within the seven climates of classical Antiquity. 3 Other Muslim astronomers 
thought that beyond these limits there was nobody interested in astronomy anyway. 4 

2.1 Attestations of the formula 

The formula apparently occurs for the first time in the Harunl Zlj , an unidentified work probably 
from the 8 th century, known to us only from a passage in the treatise On Shadows by the 
celebrated ll th -century scientist al-Blrunl (1.3.1 and Text l). 5 There the formula is expressed 


1 A yet simpler formula, namely: 

T = V 15 arc Sin { R • h / H } sdh , 

does not appear to have been used by ancient or medieval astronomers. It has the drawback that it is not even valid 
at the equinoxes and also that for H = 90° the values of h. are not precisely 15°, 30°, etc. See also n. 2:14. (This is not 
to say that approximate methods involving inverse trigonometric ratios of quotients of arcs were not used in early 
Islamic astronomy; for example, one of the earliest techniques for finding the local direction of Mecca was based on 
a simple latitude-longitude grid, from which the qibla could be found as the angle in a right-angled triangle with 
opposite side the longitude difference from Mecca and adjacent side the latitude difference.) al-Marrakushl mentions 
the rule: 

T = { h/15 } sdh 

for the (very) special case H = 90°—see 2.2. 

2 See, for example, King, Ibn Yunus , III-15.3a. 

3 On the climates in the Islamic tradition see the references cited in n. 1-1:11, and also XVI-2-3. 

4 For example, Abu Nasr (//. Central Asia, ca. 1000): see Jensen, “Abu Nasr’s Table of Minutes”, p. 5; and King, 
“al-Khallll’s Universal Auxiliary Tables”, p. 108, n. 19. 

5 For this passage see Kennedy, al-Blruni’s Shadows, I, pp. 196 and 198, and II, pp. 123-124. Sezgin (GAS, V, 
p. 225) makes of al-Zij al-Haruni a zlj compiled during the time of the Caliph Harun al-Rashld. This is reasonable, 
but it is surprising that we have no other references to such a work. 
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in Cosecants, these being the hypotenuses of the right-angled triangles formed by the gnomon 
and the shadows; also, the time is expressed in kardajas (k), where l k = 15°. 6 The formula 
given in words can be rendered thus: 

T = arc Sin 150 {150 Cosec 12 H / Cosec 12 h } k . 
al-Blrunl also attributes an equivalent formula: 

T = V 15 arc Sin 150 { [1800 / Cosec 12 h] • [150 / Sin 150 H] } h 
to Ya'qub ibn Tariq, the mid-8 th -century astronomer who played a major role in the introduction of 
Indian astronomy into the lands of Islam. 7 The fact that our rule is mentioned in such sources, and 
the fact that time is measured in kardajas indicates, as E. S. Kennedy has already noted, that it is 
derived from Indian or Sasanian techniques. 8 The formula is indeed attested in Indian sources, 
although I deliberately refrain from trying to list them. 9 Note that Ya'qub ibn Tariq stated that the 
time given by the formula was in equinoctial hours rather than seasonal hours (see also below). 

The formula occurs next in the writings of al-Khwarizmi (on whom see 1 . 3 . 1 ). In the only 
extant version of his zij —a Latin translation of an Andalusl redaction—there is no material 
of consequence on the main problems of timekeeping. However, from the commentary on his 
zij by the 10 th -century Andalusl astronomer Ibn al-Muthanna—available in two Hebrew 
versions—it is clear that both the approximate and the accurate methods were advocated by 
al-Khwarizmi. 10 Also he was the inventor of the trigonometric quadrant, developed for 
timekeeping with this very formula ( 8 . 1 ). The formula applied to the specific problem of 
determining the duration of twilight occurs in an anonymous recension of the zij of the 
celebrated mid-9 th -century astronomer Habash al-Hasib (5.0). 

I find it somewhat surprising that al-Blrunl in his survey of Islamic procedures for finding 
the time from solar or stellar altitudes only mentions our formula in connection with the two 
very early sources mentioned above. Where it underlies the procedures for timekeeping 
advocated in various treatises on instruments from the 9 th century onwards or numerous tables 
also from the 9 th century onwards, it is invariably not explicitly stated. (See 4.1 on an exception.) 
Without having conducted a systematic search for the formula in the Islamic literature on 
mathematical astronomy, I am confident that our formula is seldom mentioned: most astro¬ 
nomers simply presented the accurate formula. 

The formula occurs in the Latin version of the Canons of the ll th -century Toledan scholar 
Ibn al-Zarqalluh (Spanish form: Azarquiel). * 11 Furthermore, in his treatise on his universal plate, 


6 On the concept of kardaja in the early Islamic sources see Goldstein, Ibn al-Muthanna on al-Khwarizmi, pp. 
196-197, 200; Kennedy & Pingree & Haddad, al-Hashimi on Astronomical Tables, p. 214. See also n. 9:13. 

7 On Ya'qub see Pingree, “Ya'qub ibn Tariq”; the article by the same author in DSB; and Sezgin, GAS, V, pp. 
217-218, VI, pp. 124-127, and VII, pp. 101-102. On his use of the formula see especially Pingree, “Ya'qub ibn 
Tariq”, p. 121. 

8 Kennedy, al-Biruni’s Shadows, II, p. 123. 

9 For a start, see the references cited in n. 7 above, and also Pingree, “Indian Astronomy”, pp. 539-540 and 541. 

10 See Goldstein, Ibn al-Muthanna on al-Khwarizmi, pp. 82-83 and 207-209. (Ibn al-Muthanna was apparently 
not aware that the two formulae were not equivalent.) 

11 On Ibn al-Zarqalluh see the article by Juan Vernet in DSB and the literature there cited, especially Millas, 
Azarquiel. On the attestation of the formula see Curtze, “Urkunden zur Geschichte der Trigonometrie”, pp. 338- 
340, and Millas, Azarquiel, pp. 46-48. 
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and in the Hebrew, Middle Castillian, and Latin translations thereof, it is clearly stated that 
the determination of T(h,H) with this instrument provides approximate solutions but the 
underlying formula is not stated. The single trigonometric grid of the variety known in Arabic 
as shakkaziyya and in the Latin West as saphea was widely used in both the Near East and 
Europe thereafter (8.3). 

Probably from the works of Ibn al-Zarqalluh the formula was taken over into the Zlj of Ibn 
Ishaq (1.3.2), the most substantial work on astronomy compiled in the Maghrib. Note that Ibn 
Ishaq, in applying the formula to determine the duration of twilight (5.4-5), seems to have 
confused equinoctial and seasonal hours, as Ya'qub ibn Tariq had done about five centuries 
previously. 

It is clear that the formula was known and used in medieval Europe beyond the Pyrenees— 
not simply because of its occurence in the Azarquiel tradition—but I know of no direct 
attestation of it in the European sources apart from the table based on it in the Toledan and 
Alfonsine tradition (3.11). 

In the Byzantine MS Paris BNF gr. 2425, copied in the 15 th century, there are miscellaneous 
chapters and tables, much obviously lifted from Islamic sources (notably al-Khwarizml and 
Habash); both the approximate and accurate formulae for timekeeping are described and there 
is also a reference to a table based on the former. 12 

2.2 al-Marrakushi and Najm al-Din al-Misri on the formula 

The most extensive use of our formula is made by al-Marrakushi and Najm al-Din. The former 
devoted Book I, Ch. 39, of his magnum opus to it, appending various tables based on it, and then 
later describing four related instruments (3.5-6). This material is available to us in the translation 
of Jean-Jacques Sedillot (pere ). al-Marrakushi criticized those who thought that the formula was 
universally valid and he was well aware that the errors resulting from it increased with latitude. 
But in his opinion it was a very useful formula, which could be used for most practical purposes 
for all latitudes in the inhabited world (by this he meant up to latitude 48°, the limit of the seventh 
climate 13 ). Sedillot-/;tre misunderstood the introduction to this chapter and mistranslated it; to 
add insult to injury, he also made some disparaging remarks about al-Marrakushl’s grasp of his 
subject (see the quote at the beginning of this study). al-Marrakushi knew full well that the formula 
was approximate! 

It is of interest that al-Marrakushi began his discussion by presenting a special case when 
H = 90°, namely: 

T = V h , 14 

o 

This underlies the markings on a special kind of sundial described in Xlla-C. 


12 Neugebauer, “Byzantine Treatise”, esp. pp. 11-12 and 40-41, and Jones, Byzantine Manual , pp. 44-45 and 
126-127 (text and translation) and 154-155 and 174 (commentary). 

13 Sedillot-pere ( Traite , I, p. 250) incorrectly stated that al-Marrakushi meant latitudes up to 66°. 

14 See also n. 2:1. 
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Najm al-Din did not specifically state the formula in its general form. Rather—and probably 
to avoid being criticized for mimicking al-Marrakushl—he advocates in two places (Chs. 57 
and 61) finding h. by means of the simplified rule: 

Sin h = c. Sin H , 

where the coefficients c. are given as simple fractions, thus: 


c =V 

1 4 


The sexagesimal equivalents: 


c = V 

2 2 


0 = 7+7 

3 2 5 




c 5 = 1 


v. 


30 


0; 15 0;30 0;42 0;52 0;58 

compare quite favourably with the accurately computed values of Sin (15i)°/R to two digits, namely: 

0;15,32 0;30,0 0;42,26 0;51,58 0;57,57. 

The fact that Najm al-Dln used these coefficients to calculate h. explains certain curiosities in his 
tables—for example, the value h t = 14;30° rather than 15;0° for H = 90° (3.6b and Fig. 3.6b)— 
and in his construction of the markings on the horary quadrant—for example, the radius of the 
circle for the first hour being exactly twice the radius of the quadrant (9.1). Najm al-Din described 
some five different instruments based on the formula (Ch. 7). 


2.3 On the accuracy of the formula 

Tables 2.3a-b show the errors incurred by using the formula at the solstices in different latitudes— 
15° (Yemen), 30° (Cairo), 36° (Aleppo), and 48° (Europe)—at each 10° of altitude and at each 
seasonal hour, respectively. The errors, expressed in equatorial degrees (1° = 4 minutes of time) 
and derived according to the convention: 

error = time by formula - accurate time , 

are of a different sign and larger in the summer than in the winter, and they increase from maxima 
of about -3/+2 minutes in the Yemen to almost -20/+6 minutes in Central Europe. 15 

Table 2.3 

Errors in time in equatorial degrees incurred by using the formula 
a: Errors at each 10° of altitude 



h 

10° 

20 

30 

40 

50 

60 

70 

80 

15° 

SS 

+0;21 

+0;31 

+0;32 

+0;26 

+0; 8 





ws 

-0;24 

-0;37 

-0;42 

-0;41 

-0;37 

-0;29 

-0;19 

-0; 5 

30 

SS 

+0;46 

+i; i 

+0;47 







ws 

-i; i 

—1;33 

-1;44 

-1;42 

-i;3i 

—i;i3 

-0;49 

-0;21 

36 

SS 

+0;59 

+i; 9 

+0; 6 







ws 

—1 ;25 

-2; 7 

-2; 22 

-2; 17 

-2; 0 

—1 ;32 

-0;56 


48 

SS 

+1;26 









ws 

-2;55 

-A; 8 

-4;24 

-4; 3 

—3; 14 

—1;56 




15 A thorough investigation of the accuracy of the formula is in Puig, ed., al-Sakkaziyya, pp. 68-72 (the maximum 
errors for different latitudes graphed on p. 71 do not seem to be large enough). 




132 


PART XI, CHAPTER TWO 


Table 2.3. Cont. 


b: Errors when the formula yields the hours 

Hours 

<|> 15° SS 

ws 

30° SS 
WS 
36° SS 
WS 
48° SS 
WS 


1 

2 

3 

4 

5 

-0;30 

-0;41 

-0;39 

-0;29 

—0; 16 

+0;23 

+0;32 

+0;31 

+0;23 

+0;13 

-1;17 

—i ;41 

—1 ;35 

—i;i i 

-0;38 

+0;42 

+0;58 

+0;57 

+0;44 

+0;24 

—1 ;46 

-2; 17 

-2; 8 

—1 ;36 

—0;51 

+0;49 

+i; 8 

+i;7 

+0;52 

+0;28 

-3;23 

-4; 14 

-3;53 

-2;53 

—i;3i 

+0;59 

+1;24 

+1;23 

+i;5 

+0;35 




CHAPTER 3 


MISCELLANEOUS UNIVERSAL TABLES FOR TIMEKEEPING 
BASED ON THE FORMULA 


3.0 Introductory remarks 

Most Islamic tables for timekeeping by the sun display the functions t and/or T in terms of arguments 
h and A or h and H for a specific latitude (1-2). These either are, or purport to be, based on exact 
formulae. To make a table based on an accurate formula which would serve all latitudes was not 
beyond Najm al-Dln al-Misrl, but it involved his computing some 440,000 entries (1-2.6.1 and I- 
9.3*). Tables displaying the functions T(h,H) and/or h(T,H) and/or the corresponding horizontal 
or vertical shadows z(T,H) or z'(T,H) for all latitudes based on the approximate formula are attested 
in several Islamic sources and at least one European manuscript of the Toledan and Alphonsine 
Tables, one Hebrew manuscript, and one Byzantine Greek manuscript (1-10.2). 

The following is a list of these. The time T as a function of h and H may be tabulated in 
seasonal hours and minutes or equatorial degrees and minutes. Tables with arguments h and 
H are trapezoidal in shape since 0 < h < H; such tables are called taylasan in medieval Arabic, 
the term referring to a shawl (1-1.4). In each of the tables of h values are given for each seasonal 
hour and each degree of H. All entries are to two sexagesimal digits unless otherwise stated. 


3.1 A table of solar altitudes by al-Khwarizmi 

In an anonymous extract on the trigonometric quadrant, probably by al-Khwarizmi, preserved in 
MS Berlin Ahlwardt 5793 (1.3.1), fol. 94v, there is a table of h(T,H) with entries to one digit with 
H starting at 25°—see Fig. 3.1. 1 See also 1-4.3.1 and 9.2 below. 

3.2 A table by ‘All ibn Amajur 

The 10 th -century Baghdad astronomer c All ibn Amajur 1 2 compiled a work entitled Zlj al-Taylasan 
in which he tabulated T(h,H) in equatorial degrees and minutes for latitude 33;25° (Baghdad) 
based on the exact formula (I-2.3.1 and II-3.2) and T(H,h) in seasonal day hours and minutes for 
all latitudes with H starting at 1° (!) based on the approximate formula (I-2.5.1). His original 
work is lost, but the two tables are found in MS Paris BNF ar. 2486, copied in 1285, fols. 239r- 


1 See already King, “al-Khwarizmi”, pp. 7, 10, 11, and Charette & Schmidl, “al-Khwarizmi on Instruments”, 
p. 189. 

2 On Ibn Amajur see Kennedy, “Zlj Survey”, no. 8, etc.', Sezgin, GAS, VI, pp. 177-178. 
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>l£lsll£l£l 9 / Zf i Ci £U> j' 



Fig. 3.1: A table of h(T,H) by al-Khwarizml computed with the approximate formula. [From MS Berlin Ahlwardt 
5793, fol. 94v, courtesy of the Deutsche Staatsbibliothek (PreuBischer Kulturbesitz).] 


255r, of the Zlj of the 13 th -century scholar Jamal al-Dln al-Baghdadl, 3 and MS Paris BNF supp. 
pers. 1488, copied in the 16 th (?) century, fols. 201v-204v, of the Persian Zlj-i Ashrafl by the 14 th - 
century astronomer Sanjar al-Kamall of Shiraz. 4 

3.3 An anonymous table for Baghdad 

The anonymous MS Paris BNF ar. 2514, copied in 1215, contains a set of tables for timekeeping 
including values of T sdh (H,h) for all latitudes (I-2.5.2) as well as of T(H,h) h for the latitude of 
Baghdad (also I-2.5.2, and further 4.3 below). 


3 

4 


On al-Baghdadl see Kennedy, op. cit., no. 3; and Sezgin, op. cit., VI, p. 178. 
See Kennedy, op. cit., no. 4, and Storey, PL, 11:1, pp. 64-65, no. 98. 
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3.4 A table by Muhyi ‘1-Din al-Maghribi 

In MS Medina c Arif Hikmat mlqat 1, fols. 196r-196v, copied in 1292, of the Zlj for Maragha by 

the mid-13 th -century astronomer Muhyi ‘1-Din al-Maghribl, but in none of the other available 

manuscripts of his various zije s, there is a table of h(T,H) (1-4.3.I*). 5 

3.5 Some tables by al-Marrakushl 

In al-MarrakushTs work (II-6.7) there are altogether five tables based on our formula. 6 They 

display the following functions to two sexagesimal digits (see Fig. 3.5 for the first three): 

(a) z'(T,H) for T = 1 to 6 sdh and H = 5°, 10°, ... , 90°; 

(b) z(T,Z) and z'(T,Z) for T = 1 to 6 sdh and Z = 1, 2,..., 36 (the maximum value of Z, namely, 
36, occurs at the winter solstice at latitude 48°); 

(c) z'(T,Z') for T = 1 to 6 sdh and Z' = 1, 2, ... , 12; 

(d) h(T,H) for T = 1 to 5 sdh and H = 5°, 10°, ... , 90°, to be used in the construction of the 
universal conical sundial — see Fig. 6.3 ; and 

(e) a function f(T,H) labelled al-zill al-mustamal for T = 1 to 5 sdh and H = 5°, 10°, 
... , 90°, to be used in the construction of the vertical sundial called the s aq al-jarada with 
fixed gnomon — see Fig. 6.2. 


3.6 Some tables by Najm al-Din al-Misri 

The relevant tables presented by Najm al-Din, 7 specifically intended for constructing his universal 

sundials (Ch. 7), are of the following functions, with values to two sexagesimal digits: 

(a) h(T,Z) for T = 1 to 5 sdh and the c asr and Z = 0, 2, 4,...., 36 (Ch. 61, fol. 77r, Fig. 3.6a), 
to be used for constructing sundials 1 and 2; 

(b) h(T,H) for T = 1 to 5 sdh and the beginning and end of the c asr, and H = 10°, 20°, ... , 90° 
(Ch. 76, fol. 94r, Fig. 3.6b) to be used for sundial 5; 

(c) z(T,H) for T = 1 to 5 sdh and the c asr and H = 10°, 20°,..., 90° (Ch. 63, fol. 86v, Fig. 7.3a), to 
be used for sundial 3; 

(d) z'(T,H) for T = 1 to 6 sdh and H = 10°, 20°,..., 90° (Ch. 64, fol. 87r, Fig. 7.4a), to be used for 
sundial 4. 

The values generally differ from those in al-Marrakushl’s tables because Najm al-Din used an 

additional approximation (2.2). Najm al-Din says the tables are valid for latitudes between 0° and 

48°. 


5 Kennedy, op. cit., nos. 41 and 108, and Cairo ENL Survey, no. G21. 

6 Sedillot-/?ere, Traite, I, pp. 253-257, 445, 448-449. 

7 The tables are edited in Charette, Mamluk Instrumentation, Arabic section, and can be accessed by the 
appropriate chapter number in Najm al-Dln’s text. 
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Fig. 3.5: Three of al-Marrakushl’s tables of the shadows at the hours, displayed as functions of different arguments, such as the solar altitu< 
at midday, and the horizontal or vertical shadows at midday. [From al-Marrakushl, A-Z of Astronomical Timekeeping , I, pp. 119-121.] 
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Fig. 3.6a: Najm al-Dln’s table of the shadow lengths at the hours as a function of the midday shadow. [From 
MS Dublin CB 102,2, fol. 77r, courtesy of the Chester Beatty Library.] 

Fig. 3.6b: Najm al-Dln’s table of the solar altitude (and stellar altitude for stars with declination less than the 
obliquity) as a function of the meridian altitude. See 2.2 on the scheme behind this table. [From MS Dublin 
CB 102,2, fol. 94r, courtesy of the Chester Beatty Library.] 


3.7 An anonymous Yemeni table 

The anonymous Yemeni zlj preserved in MS Paris BNF ar. 2523 and compiled ca. 1375 8 contains 
(fols. 97v-100v and 86r) tables of T sdh (h,H) for arguments H starting at 46° and h(T,H) for H 
starting at 51° (I-2.5.3 and 4.3.3). 

3.8 Another Yemeni table by al-Daylami 

The Yemeni zlj compiled by Muhammad al-Daylami ca. 1520 and extant in a unique manuscript 
(copied in 1680) housed in a private collection in Zabid 9 contains two tables of h(T,H) with H 
starting at 51° and 40°, respectively (I-4.3.4). The entries differ from those in 3.7. 


8 King, Astronomy in Yemen , pp. 36-37. 

9 Ibid., pp. 41-42. 
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3.9 An anonymous table 

In MS Baghdad Awqaf 2966/6294, fol. 136r, of a hodge-podge of tables from the 14 th and 15 th 
centuries, including some by the 14 th -century Damascus astronomer Ibn al-Shatir, 10 there is a 
table of h(T,H) with H starting at 1° (I-4.3.5), In MS Leiden Or. 65, fol. 1 lOr, of a recension of the 
Zlj of Ibn al-Shatir there is a similar, if not identical, table. I have not come across such a table in 
any manuscripts of the original Zlj. In MS Princeton Yahuda 147c of a zlj for Tunis compiled by 
the 17 th -century astronomer Husayn Qus c a, n there is a page ruled for a table with identical title 
and format to the one in the Baghdad manuscript, but no entries have been copied (I-4.3.6). 

3.10 A table in the Arabic Zacuto corpus 

In MS Milan Ambrosiana C82 of the Maghrib! version of the perpetual almanac of the late-15 th - 
century Jewish astronomer Abraham Zacuto of Salamanca 12 there are various additional tables, 
one of which (fol. 144v) displays values of h(T,H) for all latitudes to one digit for H starting at 1°. 
See further I-4.3.7. 

3.11 A table in the Latin sources 

In MS Oxford Digby 68 (or should this be 168?), copied in England in the 14 th century, there is a 
mixture of tables from the Toledan and Alphonsine corpuses including a table of h(T,H) for all 
latitudes (fols. 65r-72r) with entries carefully computed to two digits for each 0;15 sdh of T and 
each 0;30° of H from 10° to 90°. 13 See futher 1-10.1. 

3.12 A table in the Hebrew sources 

A table of T(H,h) with entries in Hebrew alphanumerical notation is in MS Munich heb. 343, fols. 
41v-46v. 14 Values are given for each 5 days of the year and each degree of h. See further 1-10.1. 


10 On Ibn al-Shatir see Kennedy, “Zlj Survey”, p. 125 (no. 11); King & Samso, “Islamic Astronomical Hanbooks 
and Tables”, pp. 48-49 and 75-76; and the article in DSB. 

11 King, “Astronomy in the Maghrib”, p. 35; Samso, “Maghribi Zlje s”, p. 9; and King & Samso, op. cit., 63. 

12 On Zacuto see the article by Juan Vernet in DSB, and now Chabas & Golstein, Zacut, where such tables for 
timekeeping are not mentioned as being part of the main Zacuto corpus. On the manuscript and this particular table 
see now Samso, “Zacut in the Islamic East”, pp. 70-72 and 84. 

13 See Toomer, “Toledan Tables”, pp. 12 and 155 

14 Information kindly provided by Professor Bernard Goldstein, Pittsburgh, and working copies of the tables by 
Dr. Richard Lorch, Munich. 
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3.13 A table in the Byzantine sources 

In MS Vatican graecus 1056, copied in the 14 th century, fols. 41r-41v, Alexander Jones has 
found a fragment of a Byzantine table of T sdh (h,H) (kocvov tcov oopcov). Precisely such a table 
is mentioned in the text of MS Paris BNF gr. 2425, copied in the early 14 th century, but no 
table of this kind is contained in that manuscript now. 15 See further 1-10.1. 


15 Jones, Byzantine Manual, pp. 18, 44-45, 126-127, and 174. 



CHAPTER 4 


SOME TABLES FOR SPECIFIC LATITUDES 
BASED ON THE FORMULA 


4.0 Introductory remarks 

In some of the tables described in the previous section the range of argument H is limited to 
correspond to a specific latitude or region. But there is another way to adapt the results yielded 
by our formula for a specific latitude. The formula gives time in seasonal hours, and values 
can be converted to equinoctial hours or degrees by applying a factor appropriate to that 
particular latitude and meridian altitude. Such applications of our formula are discussed in this 
section. 

4.1 A table for constructing an horary quadrant for Baghdad 

A short anonymous Abbasid treatise on the construction of an horary quadrant for latitude 33° 
(Baghdad) is contained in MS Istanbul Ayasofya 4830 (1.3), fols. 196v-197r—see Fig. 4.1a. 1 
The solar longitude can be inserted on an ecliptic scale on either of the axes, and the solar 
altitude is measured on a scale on the circumference. On fol. 197r there is a table of h.(^) for 
each pair of opposite signs, with values to one digit (I-4.2.2), its function being to facilitate 
marking the hour-curves on the quadrant (Text 3). The text states that the approximate formula 
was used to compile the table. This treatise is the earliest known description of an horary 
quadrant for a fixed latitude; the construction of such instruments was not widespread in the 
later period of Islamic astronomy but it continued until ca. 1700 in Europe—see 11.2 and 11.4 
and also X-6.3. 

In passing I mention a table of a similar function appended to al-Khwarizml’s treatise on 
the astrolabe and the trigonometric quadrant in MS Berlin Ahlwardt 5793 (1.3), fol. 97v—see 


—^ 

Fig. 4.1a: An anonymous Abbasid table of solar altitude for marking an horary quadrant for the latitude of 
Baghdad. See Figs. XIIIc-8.1b and 9i for such quadrants on the backs of early astrolabes. [From MS Istanbul 
Ayasofya 4830, fol. 197r, courtesy of the Suleymaniye Library.] 

Fig. 4.1b: A curious table of 9 th -century provenance, whose function has yet to be determined. [From MS Berlin 
Ahlwardt 5793, fol. 97v, courtesy of the Deutsche Staatsbibliothek (PreuBischer Kulturbesitz).] 

Figs. 4.1c-d: An illustration of a conical sundial in an anonymous Abbasid treatise, together with a table of 
vertical shadows for engraving the astronomical markings. [From MS Istanbul Ayasofya 4830, fols. 192r-v, 
courtesy of the Suleymaniye Library.] 


1 See already King, “al-Khwarizml”, pp. 30-31, and now Charette & Schmidl, “al-Khwarizml on 
Instruments”, pp. 157-158, and 182-183. 
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Fig. 4.1b. 2 The tabulated values are close to those of h.(X) for Baghdad, but I have been unable 
to derive the optimal parameters (j) and 8 (even from the entries for the 6 th hour), and I suspect 
that another function has been tabulated, but which? 

A treatise on a conical sundial for Baghdad is contained in MS Istanbul Ayasofya 4830 (see 
above), fols. 192v-193r—see Figs. 4.1c-d. 3 A table of the necessary shadows z .(A,) is presented, 
with values for each pair of signs, scaled so that the maximum value is 30. I have not 
investigated the underlying parameters and structure. This is the earliest known treatise on such 
a sundial, dating probably from the 9 th century—see further 6.3. 

Each of these three sources merits further investigation. 

4.2 An anonymous timekeeping table for Iran 

One of the numerous Islamic tables of T(h,H) which survive is one for an unspecified locality 
in Iran preserved in MS Leiden Or. 199,3, fols. 21v-27v, copied ca. 1300 (I-2.3.4): see Fig. 
4.2. This table is distinguished by the fact that it was the first such table to be investigated 
in modem times, namely, in a study by Bernard Goldstein published in 1963. 4 The argument 
H runs in steps of 1° from 30° to 78°, which led Goldstein to the reasonable conclusion that 
the underlying latitude was 36° and that the author may have assumed 24° for the obliquity. 
Besides, the entry for h = H = 54° is 90°, which is what one would expect at the equinoxes. 
This notwithstanding, there are numerous problems with the table: many entries are hopelessly 
corrupt, and there are places where the copyist lost control of the format so that certain entries 
are misplaced. In general Goldstein found the entries carelessly computed; certainly errors as 
large as 2° would have been frowned upon by more competent contemporaries. 

The table is admittedly in bad shape, but there is more that can be said about it. Firstly there 
is a page of the manuscript that was not available to Goldstein, immediately preceding the 
Persian introduction (fol. 21r). The introduction describes how to use the table of T(h,H) to 
find the horoscopus at any time of day, a simple procedure provided one has a table of oblique 
ascensions at hand. 5 Precisely such a table is found on fol. 21r, and the heading states that 
it serves latitude 37;40°. In fact it is very accurately computed for parameters: 

(J) = 37;0° and 8 = 23;35°. 

Several significant localities in Greater Iran are associated with the latitude 37;40° in the 
medieval sources, but the most likely one intended, which is attested in far more geographical 
tables over the centuries, is Marw. On the other hand, 37;0° is not attested for Marw. 6 However, 


2 Ibid., pp. 27 and 29. 

3 Not listed in Krause, “Stambuler Handschriften” or Sezgin, GAS, (like various other anonymous works 
in this precious manuscript)—see n. 1:6. 

4 See Goldstein, “Medieval Table for Reckoning Time from Solar Altitude”. 

5 On oblique ascensions see the article “Matali‘” in EI 2 , and also 1-7. 

6 Kennedy & Kennedy, Islamic Geographical Coordinates, pp. 219-220, 692-693 and 695. 

This table is not the same as the one in the Sanjari Zij of ‘Abd al-Rahman al-Khazinl, compiled in Marw 
ca. 1125. al-Khazini used 37;40° for Marw. On this work see Kennedy, Zij Survey”, p. 129 (no. 27) and pp. 
159-161; and King & Samso, “Islamic Astronomical Handbooks and Tables”, p. 45. 
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Fig. 4.2: An extract from the anonymous Iranian table for timekeeping based on a mixture of exact and 
approximate procedures. [From MS Leiden UB Or. 199,3, fols. 21v-22r, courtesy of the Universiteitsbibliotheek.] 


the entries in the main table for timekeeping are not based on this latitude and were not 
computed by the same person; rather, they were computed for (|) = 36° using the approximate 
formula. One computes T sdh (h,H) universally and then applies an appropriate factor for the local 
situation. This involves first finding the maximum length of half-daylight, that is, D(H) = 
T(h,H) for h = H, using the standard formula: 

D(H) = 90° + arc Sin R { Tan 5 Tan <|> / R } 
with the declination 5 derived from: 

8 = H - (j). 

Then the entries for a specific H are generated using: 

T(h) = D / 90° • arc Sin R { R Sin h / Sin H } . 

For a latitude of about 36° one would then anticipate errors up to 2°, and Goldstein noted 
maximum errors of this order. 
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4.3 A dubious timekeeping table for Baghdad 

The table of T(H,h) h in MS Paris BNF ar. 2514 (3.3 and I-2.5.2) gives values for 33° < H < 
80°, which limits the underlying latitude to ca. 33;30° (probably for Baghdad). However, the 
entries are so corrupt that during a preliminary investigation I found it impossible to confirm 
that the entries were simply derived from the corresponding values of T sdh (H,h) by multiplying 
them by a factor derived from the appropriate declination. 


4.4 Miscellaneous European tables 

As I shall show below (11.3-4), various Muslim and European instrument-makers marked their 
universal horary quadrants with scales for the solar longitude (if only the equinoxes and 
solstices). This attempt to tie the hour-curves to a specific latitude is equivalent to adapting 
the tables of T sdh (H,h) to a specific latitude with upper and lower limits on H, as in the 
unfortunate table described in 4.2. I confess to having suspected that the simple solar altitude 
and shadow tables for specific latitudes found in various early European sources were based 
on our formula. 

However, the table of solar altitude at the hours for latitude 48° in the treatise on the astrolabe 
attributed to Hermannus Contractus (1013-1054), 7 which displays h.(A) (AA, = 30°) to one digit, 
was not computed according to the standard approximate formula. In fact, the author states 
that he derived the entries using an astrolabe and he must have done this carefully with a well- 
made instrument for they do indeed correspond quite well to computation with the exact 
formula. The published version of a table of z'.(X) = Tan 12 1 t(A.) (AA. = 30°) for latitude 47;46° 
(Vienna) compiled by John of Gmunden (Jl. ca. 1430) for marking the hour-curves on a 
cylindrical sundial 8 is full of errors but not based on our formula. Likewise the more substantial 
tables for Paris associated with Jean Fusoris (Jl. ca. 1400) 9 and for Oxford by Nicholas of Lynn 
(compiled 1386) 10 are based on accurate procedures. 

On the other hand, the tables of h.(H) for the equatorial hours and each degree of H computed 
for Baeza (latitude 38°) by pseudo-Enrique de Villena (I-10.1) * 11 display an error pattern which 
could be taken as implying that they were based on the approximate formula; however, the 
table may have been compiled using an instrument such as an astrolabe: even the values at 
the equinoxes contain errors of as much as 2°. 


7 On Hermannus see the article by Claudia Kren in DSB. For the table see Gunther, Early Science in Oxford, 
II, p. 419 (but it is not contained in the treatise translated in Drecker, “Hermannus Contractus iiber das Astrolab”). 

8 On John of Gmunden see the article by Kurt Vogel in DSB. The table is published in Kren, “Traveller’s 
Dial’’, esp. p. 431. 

9 For the tables see Poulle, Fusoris, pp. 184-185 and 186. 

10 See Eisner, Kalendarium of Nicholas of Lynn, on Nicholas and his tables. 

11 See Catedra & Samso, Astrologia de Enrique de Villena, pp. 171-176, and the commentary on pp. 56- 
57. 



SOME TABLES FOR SPECIFIC LATITUDES 


145 


Although I have not been able to find any European altitude tables based on our formula, 
I should not be surprised if some turn up eventually. 12 A survey of all European tables for 
timekeeping would be a useful contribution: see 1 - 10 . 1-2 for a start. 


12 Zinner, Astronomische Instrumente, pp. 159 and 50-51, also lists tables for Oxford, London, Rome, Venice, 
Nuremberg, Augsburg and Regensburg, which I have not investigated. See North, Richard of Wallingford , I, 
p. 18, on a table for Oxford by John Maudith (14th century), and idem , Chaucer’s Universe , p. 114, on various 
other tables of this kind. 



CHAPTER 5 


THREE TABLES FOR TWILIGHT FOR SPECIFIC LATITUDES AND ONE UNIVERSAL 
TWILIGHT TABLE BASED ON THE FORMULA 


5.0 The underlying principle 

Most Islamic tables for the duration of morning and evening twilight, r( A) and s( A) are based 
on the accurate formula. Underlying the tables are the solar depression at daybreak and 
nightfall, h. and h s , and in most cases the tables of r(A) and s(A) are simply taken from larger 
corpuses of tables for timekeeping displaying the hour-angle or the time since sunrise, t(h,A) 
or T(h,A), these functions being tabulated for each degree of both arguments for a specific 
terrestrial latitude. The connection is simply: 

r(A) = T(-h.,A) = T(h.,X,*) where X* = X + 180°, 
which follows from a simple consideration of the celestial sphere (see II-4.10). If one does 
not have the more extensive tables at hand, then the tables for twilight have to be computed 
independently. 

The approximate formula: 

s(A) = { V 15 arc Sin [ R Sin h / Sin H(A*) ] } sdh 
with parameter(s) h. (= h.) = 18° is attested in the anonymous recension of the Zij of Habash 
(/?. Baghdad, ca. 850) extant in MS Berlin Ahlwardt 5750, copied ca. 1300 (especially fol. 
153v, see Text 5). 1 This procedure may not be original to Habash. However, there is evidence 
that it was used in later practice. 


5.1 A twilight table for Baghdad 

In MS Paris BNF ar. 2486, fols. 120v-122r, copied in 1285, of the Zlj of al-Baghdadl ( 3 . 2 ), 
there is a set of prayer-tables for Baghdad in which one function tabulated is the number of 
seasonal hours and minutes from sunset to daybreak for each degree of solar longitude X (II- 
3 . 3 ). This function, labelled simply tulu al-fajr, “daybreak”, is: f(A) = 12 - s(A), where s(A) 
is defined as above with h s = -17°. The underlying latitude is 33;25°, a standard value for 
Baghdad 2 also used in al-Baghdadl’ s tables for spherical astronomy. It is probable that al- 
Baghdadl lifted these tables from some earlier source. 


1 See Berlin Catalogue, pp. 200-203; Kennedy, “Zij Survey”, pp. 126-127 (no. 15) and pp. 151-153; also 
Debarnot, “Zij of Habash”, pp. 35-36 and 63-65. 

2 Kennedy & Kennedy, Islamic Geographical Tables, pp. 55-56. 
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5.2 A twilight table for the latitude of the fourth climate 

In MS Paris BNF ar. 5968, copied ca. 1250, fols. 187v-188r, of the anonymous IsmaTll Zlj 
known as the Dustur al-munajjimln, apparently compiled in Northern Syria, 3 there are two 
similar tables for twilight for latitude 36;21° 4 —see II-3.7 (illustrated). The tables display the 
duration of evening twilight and the time from sunset until daybreak in seasonal night hours 
and minutes, and values are based upon parameters h. = h, = -16° although h. = -18° and h. 
= -17° are mentioned in the accompanying text. Again values are computed according to the 
approximate procedure. 

5.3 A twilight table for Tunis 

A page of MS Hyderabad 298 of the Zlj of Ibn Ishaq (1.3.3 and 2.1) is ruled for a twilight 
table (no. 348) but no values have been copied. The argument was the solar longitude and the 
values were to have been given in (seasonal) hours and minutes; the table must therefore have 
been computed for a specific latitude. I conclude that Ibn Ishaq prepared a table of r(A.) for 
Tunis based on our formula. 

5.4 A universal twilight table 

In Ch. 41 of the Zlj of Ibn Ishaq there is a reference to a table is referred to which is alas 
no longer contained in the unique Hyderabad manuscript. 5 From the title and the argument 
headings we can infer that the argument was H*, the meridian altitude for solar longitude X*. 
The underlying procedure is outlined (Text 7), and it is clear that the table displayed the 
function: 

r(H*) = { V 15 arc Sin [ R Sin 17° / Sin H* ] } snh , 

for each degree of H* from 31° to 90° (the lower limit serves Tunis). The procedure is 
particularly ingenious because it is independent of terrestrial latitude and hence universal. (See 
also VIa-4, as well as VIb-19 on the only other known universal table for twilight, from 16 th - 
century Cairo.) 

Closer inspection of numerous other Islamic twilight tables for various localities may well 
reveal that they also based on our formula. 


3 See Zimmermann, “Dustur al-Munajjimin”. 

4 This is to be interpreted as the latitude of the 4th climate (with e = 23;35°—the accurate value is 36;22°) 
rather than necessarily related to any of the localities associated with the latitude in medieval geographical tables 
(which include Nishapur and Alamut)—see Kennedy & Kennedy, Islamic Geographical Tables, p. 690. 

5 See now Mestres, Zlj of Ibn Ishaq, p. 65. 



CHAPTER 6 


FOUR KINDS OF UNIVERSAL INSTRUMENTS BASED ON THE FORMULA 
AND DESCRIBED BY AL-MARRAKUSHl 


6.0 General remarks on sundials 

Most of the universal instruments described by al-Marrakushl and Najm al-Dln are sundials; the 
remainder are graphic representations of our formula. Before I embark upon a description of 
various universal sundials designed by these two, a few general remarks about sundials are in 
order. 1 

Horizontal or vertical sundials normally serve a specific latitude. The horizontal sundials are 
usually fixed, but vertical sundials can be either fixed or movable so that they are in the solar 
plane or a perpendicular plane. Cylindrical or conical sundials facilitate the alignment to the 
sun, ensuring that the face of the instrument is always at the same angle to the horizon. A planar 
universal sundial can of necessity only be designed for the equatorial plane or the polar plane. 
Equatorial sundials are known from Antiquity and are described in several medieval Arabic 
texts. 2 Polar sundials appear for the first time—as far as I am aware—in the early 9 th century; 
they are described in the treatise on sundial construction by pseudo-al-Khwarizml or Habash 
al-Hasib, illustrated in Fig. VIa-15.1. 3 Any “universal sundial” fixed in a plane other than the 
equatorial or polar planes is bound to be based upon some approximate procedure. Two varieties 
not based on our formula are mentioned in App. Al. 

In Book II of his magnum opus, al-Marrakushl describes three sundials and one grid, in each 
case as a supplement to a description of similar instruments marked for a specific latitude. To 
these we now turn. On those of Najm al-Dln al-Misri see 7. 


1 On sundials in Antiquity see Gibbs, Greek and Roman Sundials, and also Buchner, Die Sonnenuhr des Augustus. 
For a survey of Islamic gnomonics see Schoy, “Gnomonik der Araber” (long outdated) and my articles “Gnomonics” 
in EHAS, and “Mizwala” in EI 2 , the latter repr. in King, Studies, C-VIII, and now X-7 and Charette, Mamluk 
Instrumentation, pp. 145-208. On European sundials see, for example, Rohr, Sundials; and Zinner, Alte Sonnenuhren 
(contains catalogue). King, “Review of Higton”, is a bibliographical essay on the history of fixed and portable 
sundials from Antiquity to the Renaissance. 

2 Equatorial dials are not mentioned in Gibbs, Greek and Roman Sundials, but one Hellenistic example, albeit 
cylindrical rather than planar, is described in Janin, “Un cadran solaire grec d’Afghanistan”. Planar equatorial dials 
are described, for example, in the treatise of al-Maqsl (fl. Cairo, ca. 1275)—see King, “Astronomy of the Mamluks”, 
p. 547. 

3 See King, “al-Khwarizml”, pp. 17-18 and 22, and Rosenfeld et al., eds., Al-Khorezmi, pp. 230-231. 
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Fig. 6.1: al-Marrakushl’s depiction of a universal cylindrical sundial. [From al-Marrakushl, A-Z of Astronomical 
Timekeeping , I, p. 235.] 


6.1 The universal cylindrical sundial 

In Ch. 4 al-Marrakushl describes the construction of a universal cylindrical sundial ( ustuwana )— 
see Fig. 6.1 4 For this he advocates using the table of vertical shadows z'(T,H), on which see 3.6. 
I know of no earlier texts on cylindrical dials, but these must have existed already in 9 th -century 
Baghdad because there is a treatise on a conical sundial—see 6.3 —from that time and place. I 
judge from the paucity of later Arabic texts and instruments that cylindrical dials were not widely 
used in Islamic astronomy. In fact Najm al-Dln (7.4) is the only Muslim author of such a text who 
comes to mind. Bernard Goldstein has found a description of a cylindrical sundial in a text by 
Mordecai Comtino (fl . Constantinople, 15 th century). 5 A single Ottoman dial, dating perhaps from 
the 18 th century, is preserved in Istanbul (#7354). 6 The history of the cylindrical dial in Europe has 
been investigated, 7 8 but all of the known dials appear to serve specific latitudes. 


6.2 The universal “locust’s leg” 

In Ch. 6 al-Marrakushl describes the construction of a universal vertical sundial based essentially 
on the same principle—see Fig. 6.2. 8 The instrument is called saq al-jarada, literally, “the locust’s 


4 See Sedillot-pere, Traite, II, pp. 438-440. 

5 Goldstein, “Astronomical Instruments in Hebrew”, p. 123. 

6 Kandilli Instrument Handbook, pi. 17. 

7 Thorndike, “Horologe of travelers”; Zinner, Astronomische Instrumente, pp. 50-51; and Kren, “Traveller’s 
Dial”. 

8 Sedillot-pere, Traite, II, pp. 446-449. 
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Fig. 6.3: al-Marrakushl’s illustration of a universal 
conical sundial and a table for its construction. [From 
al-Marrakushl, A-Z of Astronomical Timekeeping, I, p. 
244.] 


Fig. 6.2: al-Marrakushl’s depiction of a universal vertical 
sundial with a table for constructing its markings. [From 
al-Marrakushl, A-Z of Astronomical Timekeeping, I, p. 
240.] 


leg”, on account of the general appearance of the markings. The name was used already in the 9 th 
century for another astronomical device (Xlla-C), and there is no reason to doubt that such vertical 
sundials for specific latitudes were also in circulation in Baghdad at that time. 

al-Marrakushl describes two varieties, with movable and fixed gnomons, respectively. 
Construction of the former can be achieved using the table of z'(T,H), but for the latter the effective 
length of the gnomon is modified because the sun is no longer in the vertical plane through the 
gnomon. al-Marrakushl presents a table of a function f(T,H) which he labels al-zill al-mustamal, 
“the shadow used (in sundial construction)”, a common term in Islamic gnomonics. The width of 
the sundial is to be 54 units compared with the gnomon length of 12, so that each 5° interval of H 
is 3 (= V 4 n) units wide. As Sedillot pointed out in a brief commentary, the function is defined by: 

f(T,H) = V 12 • V { 12 2 + [ V 5 (90°-h) • V 4 n ] 2 } • z'(T,H). 

Only one sundial of this type has survived, this with a movable gnomon, made in Syria in the early 
12 th century and bearing markings for Damascus on one side and for Aleppo on the other. 9 Its 
existence proves—if proof were needed—that al-Marrakushl was not the inventor of this instrument. 


9 See Casanova, “Cadran solaire syrien”; Paris IMA 1993-94 Catalogue, pp. 436-437 (no. 332); and also IV- 

7.4 and XIVb-1. 
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6.3 The universal conical sundial 

In Ch. 8 al-Marrakushl describes the construction of a universal conical sundial based on our 
formula—see Fig. 6.3. 10 He presents a table of h(T,H) forT = 1,2,, 6 sdh and H = 5°, 10°,..., 90°, 
for this purpose, and describes how to use it to mark the surface of the sundial. The construction 
of such sundials has been discussed elsewhere and need not concern us here. The earliest description 
of a conical sundial for a specific latitude is from 9 th -century Baghdad—see 4.1, and two other 
early texts are also known. * 11 However, no examples from the Islamic Middle Ages seem to have 
survived. 


6.4 The “Fazari balance” 

Finally al-Marrakushl describes in Ch. 9 the construction of a compendium or multi-functional 
instrument called al-mlzan al-Fazarl. n The term mlzan generally means “balance”, but it was 
also used to describe various early astronomical instruments for timekeeping by shadows. 13 al- 
Fazarl was an astronomer of the 8 th century who together with Ya'qub ibn Tariq (2.2) played an 
important role in the introduction of Indian astronomy in the Islamic world, 14 and it seems probable 
that at least parts of the instrument described by al-Marrakushl are due to him. The 10 th -century 
bibliographer Ibn al-Nadlm attributes to him a treatise—now lost—entitled Kitab al-Miqyas li- 7- 
zawal, no doubt dealing with a device for determining midday by shadow lengths. 15 

The instrument under discussion was a kind of medieval slide-rule, but alas no examples 
survive. Only one other treatise on it, contemporary with al-Marrakushl and also from Egypt, 
is known to us. 16 The mlzan was in the form of a block with square cross-section whose length 
was about seven times its thickness. Four sets of markings were to be engraved on the four 
sides. Those on the second and fourth do not concern us here: the former consist of various 
trigonometric and declination scales, the latter of a two-dimensional declination and ascension 
grid. The markings on the first side can be for a specific latitude or universal. These are 
essentially the markings of a saq al-jarada described in 6.2. 


10 Sedillot-pere, Traite, II, pp. 455-457. 

11 See Cheikho, “ al-Mukhula ” (in Arabic); Wiedemann & Wiirschmidt, “Arabische kegelformige Sonnenuhr”; 
Livingston, “Islamic Conical Sundial”; and now Charette, Mamluk Instrumentation, pp. 145-153. 

12 Sedillot-pere, Traite, II, pp. 458-473 and figs. 80-84; SecliIlot-///.v, “Memoire”, pp. 46-55; and now Charette, 
Mamluk Instrumentation, pp. 163-164 and 222. 

13 Kennedy, al-Blrunl’s Shadows, I, p. 155, and II, pp. 82-83, and also IV-7.5. 

14 On al-Fazarl see the article by David Pingree in DSB; Pingree, “al-Fazarl”; and Sezgin, GAS, V, pp. 216-217, 
VI, pp. 122-124, and VII, p. 101. 

The word fazari is here used as an adjective but there is no reason why it should not be the name of a person. 
Compare the similar usage in the expression jadwal al-zill al-Khwarizml, “al-Khwarizml’s cotangent table”, used 
by al-Marrakushl in MS Istanbul Topkapi A.III 3343, pp. 250-251 of the facsimile, corresponding to Sedillot-pere, 
Traite, I, pp. 464-465. Flowever, the relationship between this instrument and an 8th-century astronomer needs to be 
further investigated. 

15 Pingree, “al-Fazarl”, p. 103, and Sezgin, GAS, V, p. 217, no. 2, and VI, p. 124, no. 5. 

16 Cairo ENL Survey, no. C24. 
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Those on the third side—see Fig. 6.4a —include a table of an auxiliary function for timekeeping 
and a graphical representation of the relationship between the shadows at midday and the shadows 
at the hours based on our formula. Two perpendicular axes are divided into 24 parts, one for the 
midday shadows and the other for the instantaneous shadows. The problem of representing very 
long shadows is handled in a very ingenious way by arranging that each scale be divided into two 
separate, but contiguous parts. The first scale serves Z = 1, 2,..., 12, and then continues with Z' 
= 12, 11,..., 1. The second serves z' = 1, 2,..., 12, and then continues with z = 12, 11,..., 1. The 
diagonal from Z' = 0 to z = 0 is drawn and labelled the meridian, since on it z = Z or z' = Z'. An 
orthogonal grid is drawn for each unit of both axial scales. 

al-Marrakushl explains how to mark the hour curves on the grid, but unfortunately the illustrations 
in the manuscripts I have consulted show no hour curves. The drawing of the latter is not without 
its problems because of discontinuities in the hour curves caused by the choice of arguments, but 
the grid is ingenious, and, from a mathematical view-point, of considerable historical interest. 

For a discussion of the universal versions of the sundials known as halazun and hafir , which 
I had inadvertently omitted in my first study, I refer the reader to the available literature. 17 


a 



b 



Fig. 6.4a: al-Marrakushl’s grid for converting shadows. [From al-Marrakushl, A-Z of Astronomical Timekeeping, 
I, p. 253.] 

Fig. 6.4b: Charette’s reconstruction. [From Charette, Mamluk Instrumentation, fig. 3.35 on p. 164, courtesy of 
the author.] 


17 Sedillot-pere, Traite, II, pp. 423-430, and Charette, Mamluk Instrumentation, pp. 153-160. See also de Vries 
et al., “Flafir and Halazun”. 



















































































CHAPTER 7 


FIVE KINDS OF APPROXIMATE UNIVERSAL SUNDIAL 
DESCRIBED BY NAJM AL-DIN AL-MISRl 


7.0 Introductory remarks 

The values of h. derived using the formula are reasonably accurate, but in the construction of a 
fixed horizontal or vertical sundial the azimuth of the shadow falling on the sundial also needs to 
be considered. Fig. 7.0 shows the hour-lines for hours 1/11 and 2/10 (the most sensitive to change 
in latitude) on sundials superposed one upon the other for four specific latitudes that an Islamic 
universal sundial might aspire to serve. It is clear to a modern that each of these families of lines 
for a given hour can be approximated to by a mean. How well do the hour-curves on Najm al- 
Dln’s universal sundials 1 and 2 correspond to these optimal “means”? We now consider Najm al- 
Dln’s dials in some detail. 1 



Fig. 7.0 


l 


See also the new account of these instruments in Charette, Mamluk Instrumentation, pp. 160-166. 
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7.1-3 Three universal horizontal sundials 

7.1 The construction of the first horizontal sundial (Ch. 61) is as follows—see Figs. 7.1a-b. 
Draw an arc ANB, two-thirds of a circle ANBS, with radius 72 units about the base of the gnomon 
(length 12) at O cutting the meridian NOS at N and S. (In the text nothing is said about this radius 
but the illustration indicates that it is about double the length of the maximum meridian shadow, 
36.) Then draw an arc AOB centre S with the same radius. Mark midday shadows from 0 to 36 on 
the meridian ON and draw a straight line CUD perpendicular to the meridian at S = 36 (U) to cut 
the arc ANB at C and D. Then the arc AOB and the line CUD are the madars for Z = 0 and Z = 36. 
The term madar is difficult to translate in this context; usually it means “day-circle”, and, at a 
stretch of the imagination, “shadow trace”, but here it is best rendered “the curve/line corresponding 
to - ”. For Z = 0 and 36 mark off z. from the table of z.(Z) (3.6a) on both sides of the meridian 
cutting the arc AOB and the line CUD, respectively. Connect corresponding pairs of intersections 
by straight lines: these are to be the hour-lines. Then construct the madars, for each 3 units of Z by 
joining the points of intersection of the shadows z. with the hour-lines; these curves represent 
curious, irregular developments between an arc of a circle and a straight line. The curve for the 
c asr is drawn through the intersections of shadows length h a (H) with the madars, for each 3° of H. 

The result of this construction at first sight resembles a regular horizontal sundial. The hour 
lines are analogous, but the arc AOB and the straight line CUD are clearly only crude approximations 
to the hyperbolae that are the actual shadow traces for specific values of Z. The shape of the 
madar for Z = 0 was clearly devised in order to pull the markings of the sundial south of the 
gnomon. The assumption that the hour-curves are straight lines is unjustified. See further the 
concluding remarks below. 

7.2 Different definitions of the madars, for the values of Z lead to a rather different-looking 
sundial as the second example, which Najm al-Dln seems to prefer (Ch. 62); the markings are 
intended for one side of the mlzan al-Fazarl (6.4). Here they are all taken as straight lines 
perpendicular to the meridian. By marking the shadow lengths z.(Z) from the same table on the 
madars for Z and connecting corresponding points one obtains the charming family of hour- 
curves shown in Fig. 7.2a and the reconstruction in Fig. 7.2b. This time the Asv-curve is constructed 
by marking z a on each of the madars shown in the figure and joining these markings. See further 
the commentary below. 

7.3 The third horizontal universal sundial (Ch. 63: see Fig. 7.3a) is in the form of a quadrant, a 
gnomon being attached at the centre perpendicular to the plane of the instrument. The meridian 
altitude is marked on the scale of the quadrant, and the radii corresponding to each 10° of meridian 
altitude (again called madars) are drawn. From the accompanying table of z.(H) the shadows for 
each hour are measured on the appropriate radius for H, and the hour-curves are then constructed— 
see Fig. 7.3b. To use the quadrant, one must rotate it in the horizontal position until the vertical 
plane passing through the sun and the observer intersects the quadrant in the radius of the appropriate 
solar meridian altitude; the time can then be estimated from the hour-curves. The modus operandi 
is not mentioned in the text: with Najm al-Dln it never is. 
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Fig. 7.1a: The first universal sundial of Najm al-Dln al-Misrl. [From MS Dublin CB 102,2, fol. 77v, courtesy 
of the Chester Beatty Library.] 
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Fig. 7.1b: Charette’s reconstruction. [From Charette, Mamluk Instrumentation, fig. 3.37, courtesy of the author.] 



Fig. 7.2b: Charette’s reconstruction. [From Charette, Mamluk Instrumentation, fig. 3.36, courtesy of the author.] 



Fig. 7.3b: Charette’s reconstruction. [From Charette, Mamluk Instrumentation, fig. 3.31, courtesy of the author.] 
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Fig. 7.2a: The second universal sundial of Najm al-Dln al-Misrl. [From MS Dublin CB 102,2, fol. 86r, courtesy 
of the Chester Beatty Library.] 
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Fig. 7.3a: The third universal sundial of Najm al-Dln al-Misrl, from which the curve for the 1 st hour has 
inadvertently been omitted. [From MS Dublin CB 102,2, fol. 86v, courtesy of the Chester Beatty Library.] 
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One problem with the instrument is the adoption of a quadrant to bear the markings; preferable 
would have been a rectangle around the hour-curves, with the meridian altitude measured (non- 
linearly) along the upper longer side. As it is, the markings for the hours, regardless of the scale 
used, crowd near the bottom part of the quadrant. The hour-lines shown in the diagram in the 
Chester Beatty manuscript are quite distorted; an accurate representation is shown in Fig. 7.3b. 
The instrument cannot be deemed a success, but Najm al-Dln obviously could not resist including 
it, probably because—viewed mathematically—it indeed represents a valid graphical representation 
of the approximate formula. I now turn to his two vertical dials. 

7.4-5 The two universal vertical sundials 

Najm al-Dln also describes two sundials that are universal. 2 

7.4 To generate the markings on the first vertical sundial (Ch. 64: see Figs. 7.4a-b) we use 
the accompanying table of z j(H) (3.6d). The sundial is rectangular, the horizontal scale on the 
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Fig. 7.4a: The first universal vertical sundial of Najm 
al-Dln al-Misrl. [From MS Dublin CB 102,2, fol. 87r, 
courtesy of the Chester Beatty Library.] 


Fig. 7.4b: Charette’s reconstruction. [From Charette, 
Mamluk Instrumentation , fig. 3.23, courtesy of the 
author.] 
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See now ibid., 3.2.1 and 3.1.3. 
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shorter upper side serving Z. For each 10° of H vertical lines are drawn, the values of z'.(H) 
from the table are marked off, and the “hour-curves” are drawn. From the names of the sundial 
(mukhula and saq al-jarada ) and its function we infer that it can either be cylindrical in shape 
or plane. An inscription on the figure confirms that the gnomon is movable. This sundial gives 
the time precisely according to the formula because the gnomon is placed on top of the marking 
corresponding to H on the day in question. The problem of azimuth is therefore eliminated. 
(For any given latitude only about one-half of the horizontal scale is used.) These two versions 
of the instrument, if such were intended, correspond to two of al-Marrakushl’s instruments (7.1 
and 7.2). 

7.5 The second vertical sundial proposed (Ch. 76: see Fig. 7.5a) is a combination of an 
observational and a calculating device. It is to be constructed using a table of h.(H) given in the 
same chapter (3.6b). The frame of the instrument is a square and it is bisected by a diagonal. A 
quadrant marked with a uniform scale of 0° to 90° is drawn within one half of the square with 
centre at the upper left corner: this represents a scale for h. A gnomon of 12 units length is 
positioned in the centre of the quadrant perpendicular to the plane of the instrument. The lower 
border of the square is divided linearly for each 5° of H. Each division on the scale is joined with 



Fig. 7.5a: The second universal vertical sundial of Fig. 7.5b: Charette’s reconstruction. [From Charette, 
Najm al-Dln al-Misrl. [From MS Dublin CB 102,2, Mamluk Instrumentation, fig. 3.19, courtesy of the 
fol. 93v, courtesy of the Chester Beatty Library.] author.] 
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the upper right corner by a straight line. Onto this grid the hour-curves are constructed by feeding 
in H in the lower straight scale and the h.(H) from the table in the quadrant scale and joining 
corresponding points from the centre down to the positions corresponding to h = H on the diagonal. 

The sundial must be held vertically in the plane of the sun to measure H and h on the quadrant 
scale. Then the intersection of the shadow of the gnomon at altitude h with the appropriate madar 
for H relative to the “hour-curves” yields the time. Whilst this sundial gives “correct” results in 
theory, a serious disadvantage underlies its design. The curves are in fact not so nicely distributed 
over the madars as in Fig. 7.5a —see the reconstruction in Fig. 7.5b. Again the scale representing 
H and the corresponding madars are arbitrarily designed; in this particular configuration the 
hour-curves get so close for h. < 30° that the sundial becomes impractical for these solar altitudes. 
It may be that this grid was inspired by the one advocated by al-Marrakush! for the “Fazarl 
balance”—see 6.4. 

7.6 Concluding remarks 

These then are the five sundials of Najm al-Din. The last three are, at least in theory, neither better 
nor worse than the approximate formula itself. But unfortunately he has implicitly imposed an 
arbitrary azimuth upon the shadow lengths z. used in dials 1 and 2, and since the resulting hour¬ 
lines lie nowhere near the optimum “means”, both must be deemed unsuccessful. Of course, both 
grids could be used as sundials to find the time according to the approximate formula, assuming 
that one could incline them to the meridian by appropriate amounts as the day progressed. Dial 2 
can be considered as providing a mathematical grid from which one can read off z.(Z), but in the 
case of 1—where Najm al-Din has made a deliberate effort to make the ensemble look like a 
sundial—the resulting grid cannot even be used for this purpose. 

In brief, Najm al-Din risked his reputation by describing the first two horizontal dials; to 
his credit he did say that he preferred the second. But most probably neither of them—nor 
any of the more successful, last three dials—was ever made, let alone used. There were plenty 
of accurately-constructed sundials available in Egypt and Syria ca. 1300 for those who 
appreciated such exotica (X-7.2) as well as several facile arithmetical shadow schemes for those 
who, like the scholars of the sacred law, had no time for trigonometry, mathematical tables, 
or astronomical instruments (III) 


CHAPTER 8 


THREE INSTRUMENTS FOR TIMEKEEPING 
USING THE FORMULA 


I now distinguish between instruments with and without special markings for the seasonal 
hours. 1 The former are treated in 9 and 10. 

8.1 The trigonometric quadrant of al-Khwarizmi 

MS Berlin Ahlwardt 5793, fols. 96v-97v (1.3.1), contains a short text, most probably by al- 
Khwarizml, on the use of a quadrant for finding T(h,H) with our formula. 2 The quadrant bears no 
markings for the hours, and it is to be regarded as an early form of trigonometric quadrant. It 
appears that the formula inspired the instrument. The text (Text 2) informs us that the quadrant 
has uniform altitude and axial scales (0°-90° and 0-150, respectively), lines drawn parallel to the 
base for regular divisions of the altitude scale and concentric circles about the centre for regular 
intervals on the axial scale. Fig. 8.1a shows an illustration of this variety of quadrant (with radius 
60 units) from a Persian treatise on the astrolabe written about 1450 in Herat. 3 

To use the instrument—see Fig. 8.1b —mark AD = H and, using the parallel for H ( = CD), 
measure the corresponding Sine ( = OC) on the axis OB. Set the marker at C so that OC = Sin H 
and move the thread to OMX so that the marker at M lies on the parallel of h ( = EF). Then AX = 
T. In Fig. 8.1a the dark lines show a worked example for H = 42°, h = 32°, the result being T = 50° 
(= 4;20 sdh ). Computation yields 52;22. The “correct” result would of course depend on the latitude 
of the locality. 

Both al-Marrakushl 4 and Najm al-Dln (Ch. 58: see Fig. 8.1c) mentioned this variety of 
trigonometric quadrant ( al-rub c al-mujayyab ). Various modifications were made to it over the 
centuries. The most common variety in the late medieval period (properly called rub c al-dustur), 
which was well suited for finding the time using the accurate formula, bore an orthogonal grid 
resembling modem graph paper and fitted with one or two semi-circles on the axis for 
facilitating trigonometric operations—see Figs. 8.1d and 11.3a. 5 I do not know when these 


1 Some of the material in this and the next section was originally taken from an unpublished study on the early 
history of the quadrant. 

2 See already King, “al-Khwarizmi”, pp. 28-29, and now Charette & Schmidl, “al-Khwarizmi on Instruments”, 
pp. 179-181. 

3 Cairo ENL Survey , no. G41, and pi. LIVb on p. 274; and King, op. cit., p. 28. 

4 Sedilloh/zA, Memoire , pp. 82-87, and fig. 11. 

5 On this sine quadrant, properly called rub c al-jayb al-sittini, see Schmalzl, Geschichte des Quadranten , pp. 
83-99; Wurschmidt, “Gedosi iiber den Quadranten”; and King, “al-KhalllTs Qibla Table”, pp. 109-115. More recently, 
we have learned that such quadrants featured already on the astrolabe and equatorium ( zij al-safaih) of the 10th- 
century scholar Abu Ja c far al-Khazin: see Figs. X-6.1 and Figs. XI-6.1.1-2. On the tradition of this instrument in 
medieval Europe see Poulle, “Sexagenarium”. 
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Fig. 8.1a: An illustration of a sine quadrant in which 
the procedure for a worked example of the operation 
to find T(h,H) is specifically demonstrated. [From MS 
Cairo S 4792, fol. 114v, courtesy of the Egyptian 
National Library.] 




B 



Fig. 8.Id: With two axial semicircles a single setting of 
the thread at an arbitrary argument 0 can enable the user 
to set the bead at either Sin 0 or Cos 0 immediately. See 
further Fig. 11.3 a. 


i — 

Fig. 8.1c: Najm al-Dln al-Misrl’s sine quadrant with a set 
of parallels for the sines of each 5°, together with a 
corresponding set of quarter-circles, and a set of radial 
markings. [From MS Dublin CB 102,2, fol. 75v, courtesy 
of the Chester Beatty Library.] 
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Fig. 8.2a: The shakkaziyya plate illustrated in Najm al-Dln al-Misrl’s treatise. [From MS Dublin CB 102,2, fol. 
80r, courtesy of the Chester Beatty Library.] 


auxiliary semi-circles were first introduced for this purpose, but the principle was clearly 
already known to the inventor of the horary quadrant described in 9.1. 


8.2 The shakkaziyya plate and associated quadrant 

The second instrument of this kind, the shakkaziyya, was not designed specifically to solve our 
formula. Rather it was conceived as a universal astrolabic grid, with which one can perform a 
variety of operations. One of these—the determination of T(h,H)—can only be achieved 
approximately. 

The origins of the name shakkaziyya are obscure. It first appears in the writings of Ibn al- 
Zarqalluh on the universal shakkaziyya and zarqalliyya plates, yet there seems also to be a 
connection with his contemporary in ll th -century Toledo, c All ibn Khalaf, known as al-Shajjar, 
who invented a universal astrolabe with two shakkkaziyya parts. 6 Especially the latter realized 


6 See King, “Universal Astrolabe”; my article “Shakkaziyya” in EI 2 ; also Puig, Al-Sakkaziyya, esp. p. 26. 
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that a grid of shakkaziyya markings rotating over a plate of similar markings can be used to 
convert coordinates from any orthogonal system of spherical coordinates to any other. The problem 
of converting between coordinates in the equatorial system (T,8) and those in the horizon system 
(h,a) is just one example: it suffices to incline the meridian axis of the grid to the meridian axis of 
the plate at an angle equal to the local latitude (|). 7 

Ibn al-Zarqalluh (2.1) dispensed with the rete of this instrument and in so doing dispensed with 
part of its utility. In one (the first?) version of his instrument, called the zarqalliyya, he superposed 
two sets of shakkaziyya markings whose axes were inclined at an angle equal to the obliquity of 
the ecliptic e, so that the instrument (when fitted with an appropriate alidade) is only suited for 
converting ecliptic and equatorial coordinates. In another, simpler, version (the second ?), labelled 
the shakkaziyya, he used a single set: see Fig. 8.2a. When this grid is used with a rectilinear 
alidade, the determination of T(h,H) is approximate; indeed, it depends upon our formula. (There 
is a second method that operates with an iterative “trial and error” procedure. 8 ) 

Ibn al-Zarqalluh was well aware of this deficiency, and in both of his treatises on slightly different 
varieties of his plate (Arabic: safiha-, European: azafea, etc.) he pointed it out. (He also compiled 
a different treatise on the same plate with and alidade and movable perpendicular brachiolus, in 
which the derivation of t(h,8,(|)) is exact. A single example of this kind of cursor is known to 
survive. 9 ) His observation about the approximate nature of the operation with a simple alidade 
was recorded in each of the Hebrew, Middle Castillian, and Latin translations of his treatise. 10 Ibn 
al-Sarraj, in the short treatise extant in Princeton, mentions a quadrant with a set of shakkaziyya 
declination curves which serves as a variety of trigonometric quadrant. * 11 When this instrument, 
fitted with a thread and movable bead, the procedure for finding T(h,H) is identical to that described 
above. Various Muslim astronomers in 14 th -century Syria and Egypt also favoured this instrument. 12 

The markings consist of meridians and day-circles represented as arcs of circles. Only the latter 
are used for reckoning the hours, and the following is a modern interpretation—see Fig. 8.2b: the 
day-circle for any argument 0 measured on the circular scale is an arc of a circle radius cot 0 
whose centre is at distance cosec 0 from the centre of the quadrant on the vertical axis. 13 To find 
T(h,H) set the bead at C in Fig. 8.2c, the intersection of the day-circle CD for argument H with the 
vertical axis, and then move the thread to the position OMG in which the bead at M lies on the 
day-circle EF corresponding to argument h: the thread marks off T on the circular scale, that is, 
AX = T. This procedure defines T as with our formula. 


7 On the solution of problems of spherical astronomy with such a double grid see King, “Universal Quadrant of 
al-Maridlnl”. 

8 Puig, Al-Sakkaziyya, ch. 18; also Michel, Traite de I’astrolabe, p. 101. See also Plofker, “Iterative 
Approximations”. 

9 Puig, Azafea de Azarquiel, pp. 30 and 64-65. 

10 Puig, Al-Sakkaziyya, p. 33 (Arabic); and Millas Vallicrosa, DonProfeit Tibbon sobre l ’assafea, pp. 27 (Hebrew), 
70 (Middle Castillian), and 126 (Latin). That the derivation ofT(h,H) using the saphea was equivalent to its derivation 
using the universal horary quadrant was noted already in Tannery, “ Quadrans vetus”, A, and B, p. 147. 

11 Princeton Catalogue, p. 419; and Charette, “Der gefliigelte Quadrant”, p. 34. 

12 See Samso & Catala, “Cuadrante sakkazf’, and Samso, “Cuadrante sakkazf’, based on various Egyptian 
treatises. 

13 See already North, “Meteoroscope”, p. 60, and King, “Universal Quadrant of al-Maridlnl”, pp. 231-232. 
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Fig. 8.2d: The plane meteroscope as illustrated by Peter Apian. [From Apian, Astronomicum Caesareum , 1540, 
also in North, “Meteoroscope”.] 
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It is not clear how widely the shakkaziyya quadrant was used in the Islamic world. Only one 
example survives, from the Mamluk period, made by Abu Tahir ca. 1345, and bearing a curious 
combination with a trigonometric quadrant (see Fig. 8.2e). 14 However, at least a dozen treatises in 
Arabic, Persian and Turkish were written on the simple shakkaziyya quadrant between the 14 th and 
the 19 th centuries. 

This quadrant was popular in Europe, where it was sometimes called the “meteoroscope” (for 
what reason is not apparent); there it was used for the general solution of right-angled spherical 
triangles. 15 Fig. 8.2d shows the instrument as illustrated by Peter Apian (b. 1495, //. Ingolstadt, d. 
1552), 16 and a fine example by Antonio Magini (Bologna, 1555-1617) is preserved in the Museum 
of the History of Science in Oxford. 17 The same instrument though was already popular in Egypt 
and Syria in the 14 th century. 



Fig. 8.2e: The most unusual markings on the back of a quadrant by Abu Tahir (#5010). I do not know how they were 
supposed to be used. The same holds for the astrolabic markings on the other side (see Fig. V-9.3). [Courtesy of the 
Chester Beatty Library, Dublin.] 


14 #5010—Dublin, Chester Beatty Library, inv. no. MS 4 —unpublished; see Fig. V-9.3 for an illustration of the 
other side of this piece. 

15 The European tradition is discussed in North, “Meteoroscope”. On the name as applied by Ptolemy and in 
Europe from the 16th to 18th century see ibid., p. 57. 

16 On Apian see the short article by George Kish in DSB, and new book Rottel, ed., Peter Apian. 
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Fig. 8.3a: The back of Ibn al-Zarqalluh’s safiha or 
lamina , as illustrated in the Libros del saber. See also 
Fig. XIIb-16a. [Courtesy of Prof. Julio Samso, 
Barcelona.] 


Fig. 8.3b: al-Marrakushl’s diagram of a trigonometric 
quadrant with a movable cursor. [From al-Marrakushl, 
A-Z of Astronomical Timekeeping , II, pp. 376.] 


8.3 The zarqalll quadrant 

On the backs of several Western Islamic universal plates of the variety known as zarqdlliyya after 
Ibn al-Zarqalluh (8.2), there is a quadrant of special markings. On some zarqdlliyya s there are 
actually three quadrants out of four bearing markings of this kind—see Fig. 8.3a. 18 These features 
are not mentioned in the published versions of the various treatises on the zarqdlliyya . 19 

Two centuries after Ibn al-Zarqalluh devised his plate al-Marrakushl mentioned these markings 
in two contexts, firstly in describing the back of the zarqdlliyya and secondly in describing what 
he called al-wajh al-jaybl min al-rub c al-zarqalll , “the trigonometric grid side of the zarqalll 
quadrant”. In this second context the grid bears a cursor—see Fig. 8.3b. al-Marrakushl asserts 
that it is a variety of trigonometric quadrant and does not go into any detail, although he implies 
that some of the operations which can be performed with it are approximate ( wa-fihi umuryaslra). 


17 Illustrated in Santa Cruz 1985 Exhibition Catalogue , pp. 104-105. 

18 See Millas, Azarquiel , pi. VIII opposite p. 433; and Santa Cruz 1985 Exhibition Catalogue , pp. 94-95. 

19 They have been studied in Puig, “La proyeccion ortografica en el Libro de la agafeha”, and, more recently, 
eadem , “Ibn al-Zarqalluh’s Orthographic Projection”. 
















CHAPTER 9 


VARIETIES OF EARLY UNIVERSAL HORARY QUADRANTS 


9.0 Introductory remarks 

In this section I describe four basically different kinds of horary quadrants—that is, with 
markings for each seasonal hour—each based upon the same principle, namely, the approximate 
formula. In each one feeds in H and h and reads off T sdh . The first three date from the 9 th century 
if not before, and the last, attested only in a 12 th -century Andalusl treatise, was probably 
developed not much later than the others. The anonymous Abbasid treatise in the first Cairo 
manuscript mentioned below also states that a movable cursor can be fitted to any of these 
quadrants—see further 9.6. 


9.1 The horary quadrant with circular arcs (type a) 

MS Cairo DM 969,4 (1.3.2) is devoted mainly to operations with an horary quadrant with the 
hour-curves marked as arcs of circles through the centre of the quadrant and partly covered 
by the markings of a shadow-square. This variety of quadrant was particularly popular on the 
backs of astrolabes, indeed the earliest dated surviving specimen is found on the back of the 
astrolabe made by the celebrated Hamid ibn 'All al-Wasitl in the year 348 H [= 959/60] (#100) 
and stolen some decades ago from the Museo Nazionale in Palermo—see Figs. Xlla-lOa or 
XHIc-S.lb. 1 

MS Cairo TM 155,3 (1.3.2 and 9.5 and Text 8) calls this the best known of the qiVi, that 
is, “sail-shaped” quadrants. Both al-Marrakushl and Najm al-Dln (Ch. 57) describe it—see 
Figs. 9.1a-b —but do not use this name. 2 On the Palermo instrument, as in the first Cairo treatise 
and in later quadrants of this kind, including the quadrans novus of Profatius (10.3), the 
markings are partly obscured by a shadow-square; the combination seems to have been an 
established tradition. In contrast to this fine specimen are the miserable diagrams of two such 
quadrants (one actually movable, to what purpose it is not clear) in the treatise of pseudo- 
Enrique de Villena: see Fig. 9.1c. 3 

The construction of the hour-curves is as follows—see Fig. 9.1d. For the i th hour the curve 
is an arc of a circle centre Y on the axis OB (produced if necessary) passing through the centre 


1 See Mortillaro, “Astrolabio arabo”; Caldo, “Astrolabi di Palermo”; and now XIIIc-8.1. On the maker see 
Mayer, Islamic Astrolabists , p. 45, and Sezgin, GAS , VI, p. 207. The instrument illustrated in Linton Catalogue , 
p. 83, no. 160, also bears an horary quadrant and may be earlier. 

2 See Sedillot-/z7s, Memoire , pp. 64-65, and fig. 2, and Charette, Mamluk Instrumentation, pp. 211-215. 

3 Catedra & Samso, Astrologia de Enrique de Villena , pi. 15 on p. 169. 
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Fig. 9.1a: The universal horary quadrant illustrated by 
al-Marrakushl indicates that there should also scales 
of 8(X) and z(h) associated with the scale on the outer 
rim (running from 0° to 90° for X' or h). The 
associated table displays the radii of the circular arcs 
corresponding to the seasonal hours. [From al-Mar- 
rakushl, A-Z of Astronomical Timekeeping , I, p. 
363.] 



Fig. 9.1c: A curious device in the treatise of Pseudo- 
Enrique de Villena. The combination of a poorly- 
drawn universal horary quadrant and a shadow square 
in the lower right at least makes some sense, if only 
historically. The “Catherine wheel”-type markings on 
the rotatable quadrant on the left make no sense at all. 
[From Catedra & Samso, Astrologia de Enrique de 
Villena , pi. 15 on p. 169.] 
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Fig. 9.1b: Najm al-Dln’s illustration of the universal 
horary quadrant. [From MS Dublin CB 102,2, fol. 75r, 
courtesy of the Chester Beatty Library.] 
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Fig. 9.1e 


O and the point X on the altitude scale corresponding to argument (15i)°. It is not difficult 
to show that the radius of this arc is: 

r. = R / [ 2 Sin R (15i)° / R ] . 

Both al-Marrakushl and Najm al-Din give the radii for i = 1 to 6. The former lists them (see 

Fig. 9.1a) as: 

115;53 60;0 42;26 34;38 31;3 30;0 

and but for the first (in error by -2') these are exact. Najm al-Din had a lapse when figuring 
out the radii, and his instructions are somewhat cryptic (Ch. 57). 4 His values are: 

120;0 60;0 42;25 37;4 31;4 30;0, 

the first one derived from the approximation Sin 15° ~ 0; 15 and the fourth one somehow 
derived from 18° by mistake (note that 2 Sin 18° = 37;4,55). Several authors, including the 
writer of the Cairo TaTat text and Najm al-Din, suggest using trial and error as one method 
of finding the centres of the arcs. 5 

Fig. 9.1e displays the use of this quadrant. Mark AC = H with the thread and set the marker 
at L on the intersection with the hour-curve for the 6 th hour. Move the thread to OE such that 
AE = h and the marker to M. Then the position of M relative to the hour-curves measures 
T. In other words, if M lies on the hour-curve OMX, then AX = T. To justify this procedure 
it is sufficient to demonstrate that the circular arc OMX has its centre on OB (produced if 
necessary), which is trivial. Like Lorch, I am unable to think of an obvious way in which a 
9 th -century astronomer might have realized that the hour-curves could be represented as arcs 
of circles. 

This quadrant was the most popular single variety in both the medieval Near East and Europe, 
yet it is seldom properly described in the modem literature. 6 It was common feature on Islamic 


4 Charette, Mamluk Instrumentation, pp. 211-215. 

5 See Lorch, “Universal Horary Quadrant”, pp. 116-117. 

6 The function and limitations of the simple horary quadrant are properly noted in van Cittert, Utrecht 
Astrolabes, pp. 45-46. 
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astrolabes up to the 19 th century, and on European astrolabes as long as they were being 
produced, that is, until about the 17 th century. 

Around 1980, John North examined the backs of 132 astrolabes in the Museum of the History 
of Science in Oxford and found that 25 out of 57 European instruments and 16 out of 75 
“Oriental” ones (presumably Islamic and Indian) bore such markings, with 15 out of 25 and 
2 out of 16 having a double set in both upper quadrants. * * * * 7 North characterized the popularity 
of these markings as “an empty ritual”, noting that only 4 out of 41 had associated cursors, 


1 

n 

3 

- 



Fig. 9.2a: Not only do these two sets of parallel lines 
represent one of the earliest forms of horary quadrants 
as described in the Baghdad treatise, they also display 
the values of the first differences of the Sine function to 
base 150 (lower right) in a way that takes us right back 
to the beginnings of Indian trigonometry: see 9.3. In the 
upper right, an attempt has been made to represent 
Cosines in the same way. The sets of parallels are 
inevitably carelessly drawn so they appear equi-spaced. 
[From Catedra & Samso, Astrologia de Enrique de 
Villena, p. 168, fig. 14.] 
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Fig. 9.2b: An 1 l th -century illustration of a quadrans 
vetus with a set of about 60 “parallels” replacing the 
parallels for each 15°, that is, for each seasonal 
hour, on one variety of the original instrument as 
described in the Baghdad treatise. [From MS 
Vatican Reginensis 1661, fol. 86v, reproduced from 
Millas, “Cuadrante con cursor”, fig. 3.] 


The descriptions in Michel, Traite de l’astrolabe, p. 90; Poulle, “Instruments astronomiques”, pp. 9-13 of 

the 1983 Paris edn., and idem , Sources astronomiques , pp. 36-38; and Washington NMAH Catalogue , p. 32; 

and all of the other sources listed in nn. 10:3 and 7, in which no reference is made to the fact that the operations 

with this instrument are approximate, are inadequate. 

7 North, “Hour-Line Ritual”. 
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alidades or axial scales to enable the user to “find unaided the unequal hour”. He also observed 
that “at best, the lines can give the unequal hour with an accuracy only about half as great 
as that given by the convential astrolabe itself’, although in fact the accuracy depends on the 
season and on the latitude (and, admittedly, for Europe it is quite inadequate for astronomical 
purposes). 

Now any of the quadrants, used in conjuction with an alidade, yields T sdh (h,H) approximately 
for any latitude. If one is interested in a more accurate result for a specific latitude in equatorial 
degrees, one must, as North points out, use the other side of the instrument. The quadrants 
might well be deemed superfluous on astrolabes fitted with a set of plates, but they did provide 
a universal aspect to an instrument whose use was otherwise restricted to those latitudes served 
by its plates. 8 For the same reason they often feature on later Islamic astrolabic quadrants and 
European horary quadrants for specific latitudes (10.4-5). 

9.2 The horary quadrant with parallels 

In MS Cairo DM 969,4 (9.1) the author states that the hour-curves are drawn as straight lines 
in some quadrants. This must mean that they are drawn parallel to the base of the quadrant 
through the points (15i)° on the altitude scale. No Islamic treatise on such an horary quadrant 
comes to mind, and no examples of such quadrants are known to us. However, an illustration 
of precisely such an instrument is found in the treatise of pseudo-Enrique de Villena—see Fig. 
9.2a. 9 

To use such a quadrant, set the marker at Sin H and move the thread so that the marker is 
on the parallel for h. The position of the end of the thread relative to the hour-lines measures 
T. 

Jose Millas Vallicrosa drew attention to the illustration in MS Vatican Reginensis 1661, fol. 
86v,copied in the 11 th century, of a trigonometric quadrant fitted with a cursor reproduced in 
Fig. 9.2c. 10 Here there are no hour lines, the markings being simply about 60 “parallels”, but 
the instrument is clearly related to those described here. Since it bears no hour lines it may 
be viewed as a bastard variety of horary quadrant; since it bears a cursor it may be considered 
an anomaly amongst trigonometric quadrants. Millas Vallicrosa labelled this instrument 
quadrans vetustissimus. 


9.3 A curious table by al-Khwarizmi 

In the Berlin manuscript of al-Khwarizml’s treatise on the trigonometric quadrant (1.3.2) is 
followed by two tables without associated text, one on fol. 94v of the function h(T,H) with 
entries to one digit (3.1), and the other on fols. 95r-v of a somewhat mysterious function f(T,H) 
with values in minutes and seconds—see Fig. 9.3a. * 11 In both the argument H runs from 25° 


8 This falls completely within the tradition exemplified by the material cited in Via and VIb. 

9 Catedra & Samso, Astrologia de Enrique de Villena, p. 168, fig. 14. 

10 Millas Vallicrosa, “Cuadrante con cursor”, pi. IX (between pp. 80 and 81). 

11 King, “al-Khwarizmi”, p. 11. 
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Fig. 9.3a: The curious table of jayb al-sd c at. [From MS Berlin Ahlwardt 5793, fols. 95r-95v, courtesy of the 
Deutsche Staatsbibliothek (PreuBischer Kulturbesitz).] 


to 90°. The second function is labelled jayb al-saat li-’rtifa nisf al-nahar , literally, “the sines 
of the hours for the meridian altitudes”. The entries are labelled “minutes” and “seconds”. By 
inspection, 

f(T,H) = V 60 f • Sin R H / R , 

where the f. are: 

39 36 31 24 15 5 , 
these being, in fact, rounded values of: 

Sin i 5 o 15(i+l)° - Sin 150 15i° . 

Exactly these six values are tabulated in the tabule kardagarum that occurs in some copies 
of the Toledan Tables. 12 Furthermore, in the illustration of the universal horary quadrant type 
b in the treatise of pseudo-Enrique de Villena—see Fig. 9.2a— these values are actually marked 
on the axis of the quadrant. 13 


12 Curtze, “Urkunden zur Geschichte der Trigonometric”, p. 339, and Millas, Azarquiel, p. 44 (also p. 418). 
See also n. 2:6. 

13 See the commentary in Catedra & Samso, Astrologla de Enrique de Villena, pp. 50-51. 
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At first encounter with this table, it was not clear precisely why al-Khwarizml tabulated 
f(T,H). Notice that the entries are given to two sexagesimal digits whereas the f. are given only 
to one. Notice also that by virtue of our formula: 

f(H) = Sin h. +1 (H) - Sin h.(H), 

which indicates that the name jayb al-saat means fully “the first differences of the Sines of 
the altitudes at the seasonal hours for each degree of meridian altitude”. 

The nature and purpose of this table has been explained by Jan Hogendijk; however, even 
he is not sure why al-Khwarizml would have tabulated such a function. 14 Hogendijk has shown 
that the function f(T,H) displays the first differences of the function Sin 150 h(T,H), according 
to the standard approximate formula, thus: 

f(T.H) = Sin 150 h(T,H) - Sin 150 h(T-l,H) = Sin 150 H • [Sin 150 (15T) - Sin 150 (15T-15°)] / 150 , 
f(l,H) = Sin 150 h(l,H) = Sin 150 H • Sin 150 (15°) / 150 . 

To find Sin h(T,H) for T = m;n (1 < m < 5, 0<n< 60), one simply computes with the values 
in the table, as follows: 

Sin h(T,H) = f(l,H) + f(2,H) + ... + f(m-l,H) + (V 60 n) • f(m,H) . 

Now values of h(T,H) are available in the first table discussed above, this table of f(T,H) for 
finding Sin h(T,H) is superfluous. But, as Hogendijk has stressed, it provides useful insights 
into the earliest Muslim encounters with trigonometry. Hogendijk was able use the table to 
reconstruct the original Sine table that al-Khwarizml used to generate it, which was not 
available to us from other sources. 

A 10 th -century astrolabe bears a remarkable and unique feature relating to our study. The 
instrument was made by Ahmad and Mahmud, sons of Ibrahim, in Isfahan in the year 374 H 
[= 984/85], and it is now housed in the Museum of the History of Science at Oxford. 15 There 
is a scale is to the right of the vertical radius bisecting the upper semi-circle on the back of 
the instrument, contiguous with the trigonometric quadrant, and it is labelled sa at zamaniyya 
li-kull c ard, “seasonal hours for all latitudes”—see Fig. XIIIc-lOc. Essentially the segments 
marked on this scale, which are precisely those cut off by the family of parallels for each 5° 
of argument on the scale of the trigonometric quadrant, display values: 

Sin R 5(i+l)° - Sin R 5i° for i = 0, 2, ... , 17 
theoretically for any R, although the alidade bears a scale subdivided into units of 5 for R = 
60, so that probably this base was intended. These arguments, if multiplied by Sin R H / R, would 
indicate the increase in the sines of the altitudes at each one-third seasonal hour for that 
particular H. I confess that the application of this scale is still not completely clear to us, and 
wonder whether the caption might refer to the entire trigonometric quadrant, which after all 
serves precisely the purpose indicated in the caption — see 8.1. On the other hand, the other 
markings in the upper right and below the horizontal diameter are later additions. 


14 See now Hogendijk, “al-Khwarizml’s Sine of the Hours”. 

15 On this instrument (#3) see already Gunther, Astrolabes, I, pp. 114-116 (no. 3) and pis. XXII-XXIII, also 
n. 15:2 to XHa, and now XIIIc-10. 
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Fig. 9.4a: Najm al-Dln al-Misrl labels the markings on the quadrant on the right “the hours for all inhabited latitudes, 
especially for the sun”. He adds that it can also be used for stars with declination less than the obliquity, but then the 
results are awkward “stellar hours”. He also notes that it is approximate, but excellent. The illustration on the left 
shows a special dial for latitude 36°, one of dozens of remarkable devices now described in Charette, Mamluk 
Instrumentation. [From MS Dublin CB 102, fols. 92v-93r, courtesy of the Chester Beatty Library.] 
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Fig. 9.4c: Illustrations of four quadrants in a 14 ll '-century Egyptian treatise on timekeeping for muezzins. These 
show: (1) a simple altiutude quadrant without markings beyond an altitude scale; (2) a universal horary quadrant 
with scales for the solar declination and shadows to base 7; (3) an horary quadrant of type 3, with equally-spaced 
radial markings for the hours, labelled as such; and (4) a sine quadrant with parallels for each 5° and 
corresponding quarter-circles, as well as a small quarter-circle (with radius 24 units of the radius taken as 60) 
for finding the solar declination and two almost-rectilinear curves for finding the altitude of the sun at the 
beginning and end of the c asr prayer. See also Figs. II-6.1 and V-5.1a-b. [From MS Oxford Bodley 133,2, fols. 
127r-v, courtesy of the Bodleian Library.] 


9.4 The horary quadrant with radial markings (type c) 

In MS Cairo DM 969,4 (9.1) the anonymous Abbasid author also mentions that the hour-curves 
can be drawn as radii of the quadrant. Precisely such an instrument is also described by Najm 
al-Dln (Ch. 74), now fitted with a special semi-circular curve for feeding in H and another 
for finding h a from H—see Fig. 9.4a. This combination represents a very simple means for 
finding T(h,H) —see Fig. 9.4b. Set the thread to H on the altitude scale and move the marker 
to where the thread cuts the meridian altitude semi-circle. Then move the thread so that the 
bead lies on the parallel through h. The position of the bead relative to the hour-lines indicates 
T. 
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Fig. 9.5a 


Fig. 9.5b: An example of such a quadrant for a specific 
latitude described by Najm al-Dln al-Misrl. This variety 
he calls the “horary (quadrant with the markings in the 
form of a) harp”, in Arabic saat al-junk. [From Charette, 
MamlukInstrumentation, Fig. 3.10 on p. 131, courtesy of 
the author.] 


No such quadrants are known to us, but an illustration from a 14 th -century Egyptian source, 
actually a handbook for muezzins (II-6.1 and V-5), preserved in the unique copy MS Oxford 
Bodley 133,2, fols. 94v-130r, completed in 734 H [= 1333/34], is shown in Fig. 9.4c. The radial 
markings are indeed labelled “hours”. A similar instrument is illustrated in G. Reich, Margarita 
philosophica (1504); Ptolemy is depicted using it to make a sighting on the moon. 16 

9.5 The horary quadrant with sail-shaped markings (type d) 

The anonymous Andalusl treatise preserved in MS Cairo TM 155,3 (1.3.2) describes twelve 
different kinds of horary quadrants—see Text 8. The first is the universal quadrant with circular 
arcs (type a above). Another is likewise universal, but is attested only in this treatise; it is a 
modification of a variety of quadrant for a specific latitude also mentioned in the treatise. In 
neither case is there any mention of a cursor. 

I refer to Fig. 9.5a. On the axis OA of the quadrant OAB choose an arbitrary point C, 
preferably about its midpoint. Draw BC as the “line of meridian altitudes”. For each K on the 


16 Reproduced in Poulle, Sources astronomiques, p. 19, where it is stated: 

“le dessin du quadrant est si sommaire qu’il est a peu pres indefinissable; les six rayons convergents au sommet 
[there should only be five !] se veulent sans doute des lignes horaires; de plus, 1’ instrument est mal tenu.” 

Actually all that is missing is a semi-circle for the meridian altitudes. Ptolemy is shown holding the quadrant 
with sights aligned with the moon. 
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arc AB such that AK = H = (10n)° for n = 1, 2, ... , 9, determine the point of intersection 
of OK with BC, namely L g , and draw AL 6 to serve as the madar of that particular H. Then 
mark L. for i = 1 to 5 on AL 6 by reading off h.(H) from a table. Joining corresponding points 
L. for i = 1 to 6 for each value of H produces the hour-curves. No quadrants of this variety 
are known to have survived. al-Marrakushl and Najm al-Dm mention quadrants of this kind 
for specific latitudes (see Fig. 9.5b). 17 


9.6 Some remarks on the cursor 

I stress that the universal horary quadrant functions perfectly well for all latitudes (within the 
limits of the underlying approximation) with a simple circular scale. It is a common 
misconception in the modem literature that the instrument needs a cursor to make it usable 
in any particular latitude. Providing a cursor serves only to obviate the need to know H in 
advance—see further 10 . 1 . 

Note that Ibn al-Zarqalluh (8.2) must have been familiar with this tradition since he put a 
cursor on the quadrant that bears his name. The quadrant labelled by Millas Vallicrosa as 
quadrans vetustissimus (9.2) demonstrates that the use of cursors was so widespread that they 
were even applied to trigonometric quadrants on which they were actually superfluous. 


17 Charette, Mamluk Instrumentation, pp. 129-131. 



CHAPTER 10 


THE QUADRANTES VETUS AND NOV US 


Profatius labelled his quadrant roba c Yisrael in his Hebrew guide to its use, and it was known 
in Latin as quadrans novus. The simpler universal horary quadrant with cursor later became 
known as quadrans vetus in order to distinguish it from Profatius’ instrument. 1 


10.1 The quadrans vetus in the Islamic Near East 

The Abbasid treatise in MS Cairo DM 969,4 (1.3.2 and now XIIa-2 and App. A) mentions 
that each of the quadrants mentioned in Ch. 9 might have a movable cursor. This would be 
about 47° (« 2e) long and would need to be centred on the meridian altitude at the equinoxes 
(9) for the latitude in question. It could bear a scale for the date, or the solar longitude X, or 
the solar declination 5. (Actually a cursor one-half this length will suffice, but then the 
calendrical scale becomes more complicated.) In the case of an instrument fitted with such 
a device, one does not have to worry about H: one simply sets the thread to the appropriate 
date, solar longitude X or declination 8 on the cursor, fixes the bead at the intersection with 
the curve for the 6 th hour, and then makes the observation to find T. The principle is identical, 
so that the quadrant is no less approximate. 

Precisely the quadrant of 9.1 fitted with a cursor is the so-called quadrans vetus of the 
European sources—see 10.2. But the author of the Cairo treatise makes no claim to have 
invented the six instruments he mentions, indeed, it is clear that they enjoyed wide circulation 
at his time. The encyclopaedist Abu 'Abdallah al-Khwarizml, 2 not to be confused with the 
astronomer Abu Ja'far al-Khwarizml, wrote about the year 975 that the quadrant was for 
“measuring altitudes and finding the hours of day”, which—if further evidence was necessary— 
proves that some sort of horary quadrant, not necessarily the universal variety, was well known 
in the Eastern lands of Islam in the 10 th century. However, no universal horary quadrants with 
cursor have survived from the Islamic world. 

10.2 The quadrans vetus in Europe 

The story of the quadrans vetus in Europe—the various treatises on it by Hermannus 
Contractus, Robertus Anglicus, Johannes de Sacrobosco, and the few surviving examples— 
has been told so often that there is no need to repeat it here. 3 Suffice it to say that we have 


1 Poulle, Sources astronomiques, p. 40. 

2 Abu ‘Abdallah al-Khwarizml, Mafatlh al-‘ulum, Beirut, 1984 edn., p. 253. 

3 See Tannery, “Quadrans vetus ”, on the treatise of Robertus Anglicus; Delambre, HAMA, pp. 243-247, 
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Figs. 10.2a-b: A quadrans vetus of uncertain date and provenance (#5505). The horary markings, with superposed 
shadow square, and (optional) solar declination cursor are as described in the Baghdad treatise. The luni-solar 
scales on the back are typical of the European tradition, and are not mentioned in the Arabic text. This particular 
example has been considered a fake by the museum authorities, but there is no reason to doubt its authenticity, even 
though it is silver coated. More problematic is the provenance: the orthography LIRRA for LIBRA on the cursor 
suggests Catalonia, but the engraving is more typical of Northern France or Germany. [Photos from the Zinner 
Archiv, Institut fur Geschichte der Naturwissenschaften, Frankfurt; object in the Kunsthistorisches Museum, Vienna.] 


established that the very same instrument was invented in Baghdad in the 9 th century. The details 
of its transmission to Europe via Spain are not known. Figs. 10.2a-b display an unpublished 
example (#5505) preserved in Vienna. The fine European example from ca. 1400 preserved 
in Florence is illustrated in Fig. XIIa-2c. * * * 4 

Bernard Goldstein has recently identified what he thought was a description of a vetus 
quadrant in a text by Mordecai Comtino (fl . Constantinople, 15 th century) extant in MS Paris 
BNF heb. 1053, fols. 66r-71v. 5 But here the zodiacal signs are marked on a radius, which leads 


and Knorr, “Sacrobosco’s Quadrans ”, on the treatise of Sacrobosco. For overviews see Gunther, Early Science 

in Oxford , II, pp. 156-163; Zinner, Astronomische Instrumente , pp. 156-159; North, Richard of Wallingford, II, 
pp. 184-185; Poulle, Sources astronomiques, pp. 40-42; A. J. Turner, Early Scientific Instruments , p. 25; and 
Knorr, “ Quadrans Vetus”. In Sarton, IHS , 11:2, pp. 850-853 and 993-994, both quadrants are misunderstood. 
See also n. 9:6. 

Pedersen, “The Corpus Astronomicum”, pp. 75ff, and idem , “Medieval European Astronomy”, p. 322, 
describes the corpus of European astronomical works—including a treatise on the quadrans vetus —popular in 
early European universities. 

4 See also Poulle, “Instruments astronomiques”, 1969 edn., p. 19 (Oxford instrument), and 1983 edn., p. 
10 (Florence instrument), for other examples of the vetus variety. 

5 Goldstein, “Astronomical Instruments in Hebrew”, p. 123. 
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Figs. 10.3a-b: The front and back of a French qnadrans novus dating from the 14 th century (#5507). The surviving 
medieval examples are neither signed nor dated, which is unhelpful. Also, the latitudes are never labelled, and the 
underlying parameter must be derived from the associated axial scale (here a disaster) serving declinations, and, 
sometimes, also the complement of the latitude. Here the horizons (meeting the equinoctial circle at the right-hand 
axis) are for three latitudes of about 41°, 45° and 48°, which establishes the provenance, at least roughly. The two 
arcs of the ecliptic meet equinoctial circle at the left-hand axis. The horary universal horary markings provide a 
quick means of finding time from solar altitude approximately, but not accurately in European latitudes. The back 
of this instrument bears calendrical scales, which is unfortunate because the astrolabic markings on the front serve 
only the most basic horizon-related problems, and for anything more serious, such as reckoning time of day from 
solar altitude properly, one needs a trigonometric grid. [Photocopy from the Museum of the History of Science, 
Oxford; object in the National Museum of American History, Washington, D.C.] 



Fig. 10.3c: An illustration of a quadrans novus in a 
medieval manuscript. Horizons are drawn for two 
latitudes, ca. 40° and 50°. [From MS Oxford Tanner 192, 
fol. 109r, courtesy of the Bodleian Library.] 


Fig. 10.3b 
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us to suspect that the instrument described was in fact a quadrant for a specific latitude. 

Ernst Zinner stated that quadrantes vetustissimi in wood were still being made in Sweden 
in the 18 th century. * * * * * 6 One hates to think of anyone sober actually trying to use the device 
anywhere near the Arctic Circle, for there the seasonal hours cease to be defined, but one should 
not underestimate the Swedes. 

10.3 The quadrans novus 

The story of the quadrans novus —its introduction by Profatius in his two treatises of 1288 
and 1301, the various treatises on it compiled over the centuries, and the few surviving examples 
(see Fig. XIIa-8a) 7 —likewise does not bear repeating here. Suffice it to remark that no Islamic 
precedents for the distinctive combination of the markings and cursor of the vetus and the 
stereographic projections of the ecliptic and various horizons—have been found. Furthermore, 
and contrary to various claims in the modern literature, the European instrument did not—as 
far as I am aware—reach the Islamic world. The vetus and novus are horary quadrants (they 
display hour-curves) and not astrolabic quadrants (they display neither altitude circles nor 
azimuth circles). Thus they do not function like an astrolabe. The combination referred to above 
is not a happy one: the solar positions found from the ecliptic projection are inappropriate for 
the universal hour-curves, not least because the original function of the curve for the sixth hour 
is now lost. One could be forgiven for thinking that, for example, the solar midday altitude 
at the sixth hour at the summer solstice was 90°. The ecliptic can be used in conjuction with 
the horizons for a limited number of operations involving sunrise and sunset, such as finding 
the length of daylight. It is possible to adjust the universal horary quadrant sensibly to a specific 
latitude and, as I shall show (11.2 and 11.3), this was done by some Muslim astronomers. It 
was also done by some European astronomers (11.2 and 11.4), but Profatius was not one of 
them. 


The “intermediate instrument” of al-Hadib (//. Sicily, late 14th century) described ibid., pp. 121-123, is 

the same as the special astrolabic plate of Ibn al-Shatir (//. Damascus, ca. 1350—see article in DSB and Mayer, 

Islamic Astrolabists, pp. 40-41 (no. I), of which an example survives in the Museum of Islamic Art in Cairo 

(see n. 12 to XIIa-8). On this, projections of the ecliptic and stars are superposed on those for a local horizon. 
A late Egyptian “intermediate instrument” is preserved in the National Maritime Museum in Greenwich: see 

Greenwich Astrolabe Catalogue, in press. 

6 Zinner, “Wissenschaftliche Instrumente”, p. 69. 

7 On the quadrans novus see especially Anthiaume & Sottas, “ Quadrans novus”; Poulle, “ Quadrans novus”; 
and also Zinner, Astronomische Instrumente, pp. 156-159; Oxford MHS Billmeir Supplement Catalogue, pp. 44- 
45; North, Richard of Wallingford, II, pp. 184-185; Poulle, Sources astronomiques, pp. 36-38; Maddison & 
Turner, London SM 1976 Catalogue, pp. 150-151; and Rockford TM Catalogue, I, pp. 202-206, and 3, p. 16. 

The otherwise masterful account of one particular instrument of this kind and its applications in Anthiaume 
& Sottas, op. cit., overlooks completely the fact that the main function of the more important side of the 
instrument is approximate. (Profatius, of course, was well aware of this: the accurate formula could be applied 
on the other side of the instrument, which was generally, though not always, a sine quadrant.) 

In Rockford TM Catalogue, I, p. 214, it is claimed that what is called a Profatius quadrant—but is actually 
an astrolabic quadrant—does not display the entire ecliptic. The confusion in this case seems to arise from an 
unfortunate diagram of an incorrectly-drawn astrolabic quadrant labelled “Prophatius quadrant” (ibid., p. 203, 
fig. 167, and A. J. Turner, Early Scientific Instruments, p. 15, fig. 6). 



CHAPTER 11 


THE UNIVERSAL HORARY QUADRANT 
IN LATER ASTRONOMY 


11.1 Some remarks on astrolabic quadrants for a specific latitude 

The astrolabic quadrant, a more mathematically-successful quadrant than the quadrans novus, 
without the curves for the seasonal hours, was devised by an unknown Muslim astronomer 
in Cairo (X-6.3), more than a century before the time of Profatius. See Fig. X-6.4.1a-b for 
a 14 th -century example. This instrument was not known in Europe. Numerous late Islamic 
examples of this instrument bear universal horary markings in addition to the astrolabic 
markings for a fixed latitude—see, for example, Fig. X-6.4.2, 

11.2 Some remarks on horary quadrants for specific latitudes 

Horary quadrants serving a single latitude, first devised in the 9 th century, require an axial (or 
some other) scale for feeding in the solar longitude or meridian altitude as one argument. In 
4.1 I have described a table of h.( A.) for marking such a quadrant, which happens to be based 
on our formula. Four Islamic examples from the 10 th to the 13 th century are known—see Figs. 
XIIIa-8.1b, 13 and A2 for three of these. 1 The text preserved in MS Cairo TM 155,3 (1.3.2), 
which is apparently of 11 th - or 12 th -century Andalusi origin, describes twelve (2x2x3) 
different varieties with curved or straight hour-curves, universal or serving a particular latitude, 
and displaying seasonal hours, equinoctial hours, or the time since sunrise. The various kinds 
described by al-Marrakushl are taken from this treatise or one very much like it and it is Najm 
al-Dln who suggested numerous more examples, some of which we actually find attested on 
later instruments (also on some European examples). 2 3 As noted above (10.2), it seems probable 
that the horary quadrant described by Mordecai Comtino in Constantinople in the 15 th century 
was intended for a fixed latitude. 

Only one such quadrant is known to us from the later Islamic period: it is on the back of 
an astrolabe made by one c Abdl in Istanbul in 1125 H [= 1713/14] and now preserved in the 
Museum of the History of Science at Oxford—see Fig. X-6.3.1. 3 In addition to a sexagesimal 


1 These are surveyed in Viladrich, “Horary Quadrants”. 

2 The Islamic varieties described by al-Marrakushl and Najm al-Dln—which include all those known from 
the Islamic sources—are described in Charette, Mamluk Instrumentation, pp. 116-139. 

3 On this piece (#1222) see Mayer, Islamic Astrolabists, p. 32; Oxford MHS Billmeir Supplement Catalogue, 
pp. 28-29 (no. 171 A), and pis. XXI and XXIIa; also King, Studies, B-XIV, p. 375 (where the markings are 
improperly described). 
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trigonometric quadrant and a universal horary quadrant (type a), it bears a quadrant of markings 
for the equinoctial hours for a specific latitude, actually 41° (serving Istanbul). There are 
ecliptic markings only for the solstices and equinoxes and the alidade is unmarked; thus the 
ensemble can only be used to find the solar altitude at these three times of the year. 

We now turn to European horary quadrants. Already on a remarkable French geared astrolabe 
from ca. 1300 preserved in the Science Museum, London, there is a double horary quadrant 
for the equinoctial hours (for a latitude of roughly 49V 2 °)—see Fig. X-6.3.2, 4 The hour-curves 
are drawn as arcs of circles, and the radial solar scale adjusted accordingly. Not only are the 
markings for each ten days of each month found on the quadrant itself, but markings for the 
zodiacal signs are on the alidade. Likewise on the late-16 th -century astrolabe of Philis de Din, 
there is a similar quadrant for the equinoctial hours, this time alongside a modified universal 
quadrant for the seasonal hours; both serve a latitude of about 50°. 5 1 suspect, but cannot prove, 
that these quadrants for a specific latitude are direct descendants of an Andalusl tradition. 

A related tradition with uniform solar scales, and hence sigmoid hour curves, is represented 
by the later horary quadrants for specific latitudes such as those of P. Lansberg and N. J. 
Vooghd. These also bear our universal quadrants, if with the extremities of the hour-curves 
trimmed. 6 

All of these horary quadrants are graphic representations of the solar altitude as a function 
of solar longitude and time of day, which distinguishes them from the analogue devices such 
as the astrolabe and astrolabic quadrant even though they function—like an astrolabe plate— 
for a specific latitude. Nevertheless, even on some Gunter-type and similar quadrants for a 
specific latitude from as late as ca. 1700, as on many European astrolabes up to about the same 
time, we find a universal horary quadrant tucked inside the main markings. 7 

11.3 Islamic modifications to the universal horary quadrant with circular arcs 

A positive development: the axial semi-circles on trigonometric quadrants 

On trigonometric quadrants from the 14 th century onwards we often find a pair of axial semi¬ 
circles for setting the bead on the movable thread to the Sine or the Cosine of any arc—see 
Figs. 8.1d, also XlVb-lOb, and, for a Renaissance European example, Fig. 11.3a. 8 It may be 
that this simple, ingenious device was originally inspired by the meridian curve on the universal 
horary quadrant. Further investigation is necessary to clarify this point. 


4 Gunther, Astrolabes, II, p. 347 (no. 198) and pis. LXXX and LXXXI; North, “ Opus quarundam rotarum 
mirabilium”, pp. 369-371; also King, Ciphers of the Monks, pp. 398-399 and 402-403. 

5 See n. 11:19 below. 

6 See van Cittert, Utrecht Astrolabes, pis. XVI, XVIII; also Viladrich, “Horary Quadrants”, p. 321 and pi. 
5 on p. 345. 

7 For example, the instrument illustrated in Wynter & Turner, Scientific Instruments, p. 26, fig. 20. 

8 In G. Turner, Elizabethan Instruments, p. 99, the invention of this device is taken back only as far as Apian. 



186 


PART XI, CHAPTER ELEVEN 



Fig. 11.3a: The axial semicircles on a quadrant (#5543) 
from Elizabethan England. [Courtesy of the Museo di 
Storia della Scienza, Florence.] 



Fig. 11.3b: Universal horary markings superposed on 
trigonometric markings on a late Iranian astrolabe 
(#54). The zodiacal quadrant on the upper right has 
not been completed. [Courtesy of the National 
Museum of American History, Washington, D.C.] 


Fig. 11.3c 



—^ 

Fig. 11.3d: The universal horary quadrant on the back 
of an astrolabe (#2502) by Muhammad Salih of Tatta 
in Sind, with a solar scale which implies that the sun 
reaches the zenith at the (summer) solstice. The 
latitude of Tatta, which is apparently not featured in 
Eastern Islamic geographical tables, is close to 25°, 
so that this is not silly. But the solar scales have been 
reversed, so the maximum altitude corresponds to the 
winter solstice: the combination is thus absurd. 
[Courtesy of the Museum of the History of Science, 
Oxford.] 
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Some less happy developments 

The provision of a universal horary quadrant with a cursor (10.1) does not really mark a great 
step forward, but it was at least harmless, as opposed to various other modifications to which 
we now turn. 

Combinations with markings of trigonometric quadrants 

On late (18 th - and 19 th -century) Indo-Iranian astrolabes the universal horary quadrant type a 
was occasionally superposed on markings usually associated with different varieties of 
trigonometric quadrant—see Fig. 11.3b. This was not a particularly happy development, and 
I suspect that those who did this had no real understanding of either of the grids they drew 
together. I note the following examples of other markings combined with hour-curves: * 2 3 4 5 6 * * 9 

(1) a family of horizontal parallels for each 5° of arc; 

(2) a grid of concentric quadrants for each 5 units radius and a set of parallels for each 5° 
of arc; 

(3) a grid of horizontal and vertical parallels for each 5° of arc; 

(4) a family of 60 horizontal parallels for each unit of argument on the vertical axis; 

(5) a family of 90 parallels for each 1° and radial lines for each 5°; 

(6) a sexagesimal sine grid, with 60 horizontal and 60 vertical parallels for each unit of 
argument on both axes. 


Solar longitude scales 

Also unfortunate were various attempts by late Muslim astrolabists to provide an axial ecliptic 
scale (such as is necessary on an horary quadrant for a specific latitude). In theory, adding 
a solar longitude scale in the form of, say, three concentric quadrants to serve the winter solstice, 
the equinoxes, and the summer solstice in the right places links the quadrant to a specific 
latitude. 10 The position of the three arcs is easily determined when one knows the corresponding 
midday altitudes, (j) - £, <j>, and <j> + e—see Fig. 11.3c. 

Such ecliptic scales are found on some Indo-Iranian astrolabes from the 17 th century—see 
Fig. 11.3d. 11 But the rim of the quadrant in each case serves the winter solstice, which means 


9 (1) Linton Catalogue , p. 115, no. 175; Washington NMAH Catalogue , p. 94, no. 54 (Fig. 11.3b); 

(2) Rockford TM Catalogue , I, pp. 100-103; 

(3) Washington NMAH Catalogue , p. 99, no. 57; 

(4) Ibid., p. 34, no. 25; 

(5) Collection de. M. R... et de divers amateurs : Instruments scientifiques anciens [a catalogue of 
instruments offered for sale by J. Lenormand & P. Dayen, E. Libert & A. Castor, and A. Brieux in Paris in 
1982], Paris, 1982, no. 81 = Mayer, Islamic Astrolabists , p. 25 and pi. XVII (made by Muhammad Mahdl al- 
Yazdl ca. 1650); 

(6) Washington NMAH Catalogue , p. 109, no. 61, fig. 70. 

The early-19th-century Indian astrolabe with Sanskrit inscriptions illustrated in Washington NMAH Cata¬ 
logue , p, 183, no. 4000, has hour-curves superimposed on 18 concentric circles, but these serve a radial solar 

scale—see n. 11:11. 

10 In North, “Hour-Line Ritual”, p. 113, it is erroneously assumed that the universal horary quadrant has 

to have a solar longitude scale to function “properly”. 

11 (1) Oxford Billmeir Supplement Catalogue , pi. XIX (made by Muhammad Salih in 1077 H [= 1666/67], 
reproduced as Fig. 11.3d. 
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Fig. 11.3e: Incompetently-constructed markings for the 
seasonal hours on the back of an astrolabe (#112) made 
in 890 H [= 1485/86] by Awhad ibn Muhammad al- 
Awhadl. Our Awhad, whose name means something like 
“(more) unique”, is indeed unique: his is the only Islamic 
astrolabe from before ca. 1600 known to me that features 
incompetent markings of this kind. [Courtesy of the 
British Museum, London.] 



Fig. 11.3f: The “Catherine wheel”-type horary mark¬ 
ings on this late Iranian astrolabe (#76) are so distorted 
as to be useless. [Courtesy of the Museum of the 
History of Science, Oxford.] 


that the combination is absurd. Nevertheless the reason for the confusion is clear. From the 
10 th century onwards astrolabists occasionally included a graphical representation of the solar 
meridian altitude for one or a series of latitudes in a quadrant on the back of an instrument. 
Alternatively they might graph the solar altitude at midday and at the time of the c asr. n The 
earliest quadrants had linear solar longitude scales so that the curves were generally sigmoid 


(2) Wynter & Turner, Scientific Instruments , p. 17, fig. 10 (made by the celebrated Tsa ibn Allahdad 
of Lahore ca. 1610—can this be genuine ?); and 

(3) Gunther, Astrolabes , I, pp. 135-136 and Mayer, Islamic Astrolabists , p. 49 (made by Ibrahim ibn Sharaf 
al-Dln Husayn for c Abd al-Razzaq al-Gllanl in Meshed in the year 1641). 

See already North, “Hour-Line Ritual”, p. 114, on the defects of the last of these (but it was not intended for 
latitude 567 °, it was simply the work of an incompetent). Yet another example is the second of the four 
instruments listed in n. 11:14. 

The Indian astrolabe mentioned in n. 11:9 has the same kind of axial markings. 

12 The earliest surviving example of such markings is the astrolabe from Isfahan, 496 H [= 1102/03], discussed 
in XIIIc-11. For a mid-12th-century example of zuhr- and C <x?r-curves (for Rayy and Isfahan) with a linear solar 
longitude scale see Gunther, Astrolabes , I, pi. XXIV, between pp. 116 and 117, Washington NMAH Catalogue , 
pp. 62-64; Linton Catalogue , p. 83 (no. 161) and two plates. 
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in shape as in Figs. XIIIc-8.1b, 9i, 13a and A2a; later quadrants of this kind had stereographical 
solar scales and the curves were closer to—and generally drawn as—arcs of circles. 13 On Indo- 
Iranian astrolabes it was a custom to graph the meridian altitudes for a series of latitudes and 
the solar altitudes when the sun is in the azimuth of Mecca for a series of localities. 14 To avoid 
confusion the two sets of curves were related to two different axial scales for the solar longitude, 
one progressing from the winter solstice to the summer solstice and the other reversed. This 
was beyond some astrolabists, and they engraved the quadrant but simply left out the curves— 
see Fig. 11.3b. 15 To then add universal horary markings was simply not a good idea. 

There are also three late instruments on which even the hour-curves are misrepresented. They 
have been drawn shallower than they should have been—see Fig. 11.3e; 16 in one case, each 
with the same radius like a “Catherine wheel”—see Fig. 11.3f. 17 The reader should bear in 
mind that the above are exceptions to the general rule that the hour-curves were drawn correctly. 
However, I am still looking for an Islamic instrument on which the hour-curves are adapted 
properly for a specific latitude. 

Universal markings on astrolabic quadrants 

As noted in 10.4, a tradition of including a small set of universal markings on astrolabic 
quadrants, nestled within the main astrolabic markings for a specific latitude, continued as long 
as these quadrants were being made, that is, until about 1900. 

11.4 European modifications to the universal horary quadrant with circular arcs 

An elegant, ingenious, and simple modification of the paraphernalia of the universal horary 
quadrant is found on the back of a mid-14 th -century English astrolabe (#296) belonging to Oriel 
College, Oxford, and now housed in the Museum of the History of Science—see Fig. XHa- 
7b. 18 Here the quadrant is engraved within the full circle of the back of the instrument; the 
problem of the shadow-square, usually uncomfortably superposed on the hour-curves, is solved 
by marking the shadow on the quadrant scale. The altitude is marked on the circumference 
of the lower semi-circular rim of the astrolabe. Both scales are, of course, non-uniform. This 
combination of hour-curves and scales is unique amongst the known sources. 

John North has already identified five European astrolabes in the Museum of the History 
of Science at Oxford alone on which the hour-curves on the universal horary quadrant have 


13 See Michel, Traite de l’astrolabe, pp. 78-86, on the underlying theory. 

14 Gunther, Astrolabes, I, pi. XLI between pp. 160 and 161 (no. 76) shows four examples. See also King, 
Mecca-Centred World-Maps, pp. 186-191, for more, and a detailed discussion. 

15 On #54 see Washington NMAH Catalogue, pp. 93-95 (no. 54), and for two others see Gunther, Astrolabes 
of the World, I, pis. XLII-XLIII, between pp. 166 and 167. 

16 #112 (London, British Museum, inv. no. 64 12-21 1) is unpublished. For another instrument by the same 
maker preserved in Haifa see Brieux, “Rare Islamic Astrolabe”. 

17 On #76 (Oxford, Museum of the History of Science, inv. no. ?) see Gunther, Astrolabes, I, p. 208 (no. 
76). 

18 On #296 see Gunther, Early Science in Oxford, II, p. 206 (no. 176), and idem. Astrolabes, II, p. 473 (no. 
296) and pi. CXXXa; also Poulle, Instruments astronomiques, 1983 edn., p. 18. 
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been adjusted for some particular latitude. As an example of one of these one may cite the 
French astrolabe of 1595 owned by Philis de Din. 19 The plates of the astrolabe serve Paris (48°) 
and Lille (51°) and the two quadrants on the back for seasonal and equinoctial hours serve 
50°, a happy combination. The non-uniform solar longitude scales are marked on the alidade. 

Another European modification is displayed on the horary quadrants of Peter Apianus, 
illustrated in his treatise on the quadrant published in Ingolstadt in 1532—see Fig. XIIa-13b. 20 
In addition to the main markings, cunningly contrived to display the equinoctial hours for a 
series of latitudes, there is a universal quadrant for the seasonal hours on which the markings 
for hours 1 to 5 have been drawn as arcs of circles with a slight sigmoid flourish at their ends. 
I suspect that this is purely aesthetic since the outer extremities of the markings were not 
necessary for timekeeping in European latitudes. On both German and Dutch horary quadrants 
from ca. 1700, 21 the ends of the hour-curves have been clipped off altogether to serve the same 
latitude for which the main markings display the equinoctial hours. 

An instrument described by Apianus as part of a torquetum is the semissis. It consists of 
a semi-circular vane held vertically with diameter horizontal in the plane of the sun; on one 
side are two universal quadrants side by side with the two sets of curves emanating from the 
centre. According to Robert T. Gunther, there are 14 th -century English manuscripts describing 
the same device. 22 

Again the medieval English navicula de Venetiis, “little ship of the Venetians”, 23 a special 
kind of universal horary dial, whose conception, not necessarily in the form of a ship, I strongly 
suspect is to be associated with 9 th -century Baghdad, bears on the back side a universal horary 
quadrant next to a shadow-square—see X-9.1 and a detailed discussion in XIIb-9a-c. 

There are European manuscript examples, as well as Islamic ones, where hour-curves have 
been drawn by an incompetent (see Fig. 9.1c), although I have located such curves only on 
one actual instrument: see Fig. XIIa-2d. 24 

Apart from these minor modifications, European universal horary quadrants remained in 
principle unchanged until about 1700, when the last quadrants of any kind were being made. 


19 North, “Hour-Line Ritual”, p. 114, on Gunther, Astrolabes , II, pp. 359-361 (no. 211). 

20 Already featured in Zinner, Astronomische Instrumente , p. 161. On Apianus see n. 8:16. 

21 For a Dutch example see van Cittert, Utrecht Astrolabes, pp. 33-35, and pi. XVIII, and Viladrich, “Horary 
Quadrants”, p. 345. 

22 Gunther, Early Science in Oxford , II, p. 37. 

23 Several examples are described in Brusa, “Le navicelle orarie di Venezia”; see now Xllb. 

24 #3000—Basle, Historisches Museum, inv. no. ?—unpublished. 



CHAPTER 12 


CONCLUDING REMARKS 


Since our formula was surely adopted from pre-Islamic Iranian or Indian sources, and since 
universal horary quadrants were still being drawn on other instruments in the 18 th and 19 th 
centuries, I can claim that this formula found applications for over a millennium. 1 The universal 
dials of al-Marrakushl and Najm al-Dln al-Misrl, which, at least in the case of the former, 
surprisingly seem to have had little influence in the Islamic world, would surely have been 
popular in Renaissance Europe had they been known there, for European astronomers also liked 
universal solutions even though they were somewhat less adept in developing them than their 
Muslim counterparts. 

I are well aware that in relating the fates and fortunes of an individual formula I have strayed 
from the traditional mode of investigation of medieval scientific materials, but I am convinced 
that this is a valid mode of presentation in this particular case. I felt it necessary not only to 
draw attention to the formula and its applications, but also to differentiate clearly between 
various types of quadrants confused in the recent literature. 

In the days when the only known Islamic astrolabic quadrants dated from the 14 th century 
it was not unreasonable to suspect that the Muslims took the clever notion of the quadrant with 
stereographic representation of ecliptic and horizon from the Europeans. But unfortunately the 
two different instruments were confused, and this confusion now seems firmly established in 
the literature (see now X-6.3 and 6.5). I urge greater precision in the description of such 
instruments in the future, and suppression of the completely false implication that the Muslims 
inherited the astrolabic quadrant from Europe. 

Now that the Islamic material is under better control, it would be useful to have a new history 
of the quadrant in Europe, combining the English and continental traditions. I hope that some 
colleague with more facility with the European sources will consider embarking on this 
worthwhile undertaking. 


1 See IV for another approximate formula of Indian origin, this time arithmetical, that was highly influential 
for over a millennium, not least because its use was implicit in the definitions of the daylight prayers which 
became standard in Islamic practice, some of them being used until this day. 



APPENDIX A 


SELECTED RELEVANT TEXTS IN TRANSLATION 


Note: Only texts relating directly to the formula are presented here. Words and passages 
underlined are not fully intelligible to us. Editorial remarks are between curly brackets. For 
references to the treatises of al-Marrakushl and Najm al-Dln al-Misrl the reader should consult 
Sedillot-/?/.s and pere, and Charette, respectively. 

1 al-Blrunl on the Harunl Zlj and Ya'qub ibn Tariq 

al-Blrunl, Shadows, pp. 138, 159 (misplaced), 147; 
cf. Kennedy, al-Blrunl’s Shadows, I, pp. 187, 196, 198. 

Chapter 26 on determining the time of day elapsed (since sunrise) or remaining (until sunset) 

by shadows.Our aim here is (to present) that which is connected with the determination 

of (the time) by shadows, whether it be accurate or approximate. 

I read in the Zlj called al-Harunl that if the hypotenuse of the shadow (qutr al-zill ) of midday 
is multiplied by 150 and the product divided by the hypotenuse of the shadow at the time of 
measurement, and the corresponding arc taken in the (table of) kardajas and their Sines, and 
one hour (reckoned) for each kardaja, then (the result) will be the number of hours passed 

(since sunrise) or remaining (until sunset) . 

Ya'qub ibn Tariq favoured a similar (procedure) when he stated: “Divide 1800 by the 
hypotenuse of the shadow at the time (in question) and mutiply the quotient by 150 and divide 
the product by the Sine of the meridian altitude. Find the arc corresponding to the resulting 
Sine and reckon for each 15° of it one equal { 57 c} hour.” 

2 al-Khwarizmi on the simple trigonometric quadrant 

MS Berlin Ahlwardt 5793, fols. 96v-97v 

(An extract on) the construction of a quadrant from which can be found the Sine and the 

declination and the hours of daylight elapsed.If you want to construct this quadrant take 

with God’s blessing and His aid a quadrant of. (hole in text (two words ?)} at a right 

angle derived from the circle of a division plate ( dairat saflhat al-qisma ), then divide it into 
ninety degrees and divide (the radius) from the centre to the end of the ninety degree (scale) 
into one hundred and fifty equal parts—this is the Sine. Then suspend at (the centre) a thread 
and plummet. Next mark the Sine of each degree on the Sine (axis) as has been tabulated 
( ma c mul ) in the table {there is no accompanying Sine table, possibly because we are dealing 
here with an extract from a longer treatise}. (The Sine) can be derived accurately from the 



TRANSLATIONS 


193 


table on which is written “Table of the Sine” and the way to do that is to take the Sine of 
[each?] five (?) (degrees) altitude, find its Sine, and mark it on the quadrant on the plate as 
you see illustrated. Know this if God Almighty wills. 

A description of the use of this quadrant once it has been constructed. If you want 

to find how many hours of daylight have passed, see what is the altitude at midday on the 
day in question. If it were 60 (degrees) we should find that this corresponded to the fifth circle, 
that is, the line which goes out from the end of the ninety (scale) which is the Sine of the circle 
of degrees: it is the one with Sine equal to 130 (correctly 129;54}. If the altitude at the time 
of measuring is 30 (degrees), the thread corresponds to a certain place on the fifth circle, so 
we go out in its direction towards the place of the altitude and we find it on twenty-five (actually 
thirty-five !!} (degrees) and (some) minutes. Thus we know that one and two thirds and a 
fraction of an hour of daylight have passed because eachl5 (degrees) of altitude correspond 

to one hour.If you want to work with a Sine to (base) sixty, divide the Sine (scale) of 

the quadrant into sixty (parts instead). 

3 Anonymous treatise on the horary quadrant for a specific latitude 

MS Istanbul Aya Sofia 4830, fols. 196v-197r 

I have made for you a table for the altitude of the hours in the signs and the middles of (the 
signs), so use it. If you wish to perform the operation with the altitude of the hours, that take 
the Sine of Cancer in the climate which you are in and keep it in mind. Then take the first 
kardaja of the Sine and multiply it by the Sine of the beginning of Cancer and divide (the 
product) by one hundred and fifty. The result will be a Sine: convert it to an arc, and this will 
be the altitude at the first hour of Cancer, so keep it in mind. Then take the first and second 
kardajas and multiply each by the Sine of midday and divide them by one hundred and fifty. 
Take the arc of the result and this will be the altitude at the second hour. Then take the first, 
second, and third kardajas and do the same with them: the result will be the altitude at three 
hours. Likewise, the fourth, fifth and sixth. Do for the other signs as you did for Cancer, 
similarly for all the signs. If you want, also take fifteen degrees and make it a Sine, multiply 
the result by the Sine of the altitude at midday in Cancer and divide the product by one hundred 
and fifty. (Then) make the quotient an arc: this will be the altitude of one hour of the hours 
of Cancer. Then take thirty (degrees) and do the same with it, up to ninety. The results will 
be the (altitudes) of the hours of Cancer. Then do the same for the remainder of the signs. 
I have made the table and the illustration for you. Understand that. 

4 Anonymous Abbasid treatise on quadrants 

MS Cairo DM 969,4, fols. 8v-9v (compare XIIa-A) 

A treatise on the use of the quadrant. A statement concerning the use of the quadrant {rub" 
al-daira). These are its chapters: 

(The first chapter) on its markings ( khutut ) and their names. The quadrant is a quarter of 
a complete circle. The first of its markings are the two lines that intersect at the centre, one 
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of which is called the east line and the other the line of the meridian (khatt nihayat al-irtifa). 
In between these two lines around the circumference of the quadrant there are equal divided 
parts which are ninety degees. These are called (the place for) the cursor ( al-majarra , sic for 
al-majra) and (the cursor) is made moveable in some quadrants and fixed in others. Below 
these, there are six curved lines that are segments of circles called the seasonal hours. These 
lines are made straight in some quadrants and in others radii (text: diameters) radiating from 
the centre of the quadrant. The use of all of these is the same. 

Then there is the square for the shadow: each side of the sqare is divided into 12 parts, the 
side by the meridian is the horizontal shadow, the other side the vertical shadow. At the head 
of the quadrant there are two extra parts called the sights with two holes. A thread bearing 
a plummet extends from the centre of the quadrant, also bearing a moveable knot (!) called 
the marker ( al-muri ). These are the markings on the quadrant: so know this. 

(The fourth chapter) on finding the time of day elapsed in seasonal hours.at any time 

(of the year). If you want this, place the thread on your day on the cursor and then move the 
marker until you place it on the meridian line that is the [sixth] line. Then if you adjust it, 
the altitude of the sun is fixed as (described) previously. Now look where the marker has fallen 

on the hours, and this will be the hours of daylight passed if the sun is in the east. 

(The ninth chapter) on the latitude of the locality.Know that the movable cursor should 

not be fixed until it is set for the latitude of the locality. The (fixed) cursor is made for a specific 
latitude . and the latitude for this cursor is 33°. 

5 An anonymous author (Habash ?) on the duration of twilight 

MS Berlin Ahlwardt 5750, fol. 153v—see 5.0 
“The determination of daybreak and nightfall. If you want (to find the duration of) daybreak 
and nightfall multiply the Sine of 18° by the total Sine and divide the product by the Sine of 
the meridian altitude of the point of the ecliptic opposite the sun. This will be a Sine for which 
you find the corresponding arc and divide it by 15°. The quotient will be hours and minutes, 
(the duration) of nightfall in seasonal hours. Subtract this from 12 hours: the remainder will 
be (the time from sunset) to daybreak.” 

6a Ibn al-Zarqalluh on the use of the safiha 

Puig, Al-Sakkaziyya (see n. 2: 15), p. 33 (Arabic text), p. 115 (Spanish) 

The twentieth chapter on finding the seasonal hours of daylight elapsed from the altitude of 
the sun in the meridian.This operation is approximate. God knows best. 

6b Anonymous Egyptian on the shakkaziyya quadrant 

Samso, “Cuadrante sakkaz!” (see n. 8:12), especially p. 120, 
based on MS Cairo DM 64 
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If the sun or a star has declination, place the thread at the meridian altitude corresponding to 
the solar longitude on the quadrant scale. (Then) mark with the bead the declination circle 
( madar ) corresponding to the observed altitude. Next move the thread to the madar of the 
equator (that is, the horizontal axis) and make a note of how many meridian curves the marker 
crosses (it would be simpler to say: measure the arc traversed on the quadrant scale}. If you 
wish (!) reckon for each 15 degrees one seasonal hour passed since sunrise if the altitude is 
in the east, or remaining until sunset if it is in the west. The fractional parts will be fractions 
of one hour. 

7 Ibn Ishaq on the approximate formula 

MS Hyderabad Andra Pradesh State Library 298 (unfoliated), Chs. 26 and 42 
Chapter 26 on the determination of the ascendant and midheaven from the hours of day 
and night, and the time from the ascendant, and on the operations of timekeeping by day. ... 

If you want the altitude of the sun in terms of the number of hours of daylight passed, take 
the hours if it is before midday, and work with them. If it is after midday subtract them from 
12 and use the remainder. Multiply the amount by 15 and take the Sine of the product. Multiply 
it by the Sine of the solar meridian altitude and divide (the product) by 60 and take the 
arc (Sine) of the quotient. The resulting arc will be the altitude of the sun at the time in question. 

Chapter 42 on an explanation of some of the tables in this Zlj. A treatise on the table of 
evening and morning twilight (with argument) from 31° to 90°. If you want to work with this 
table enter with the (meridian) altitude of the opposite point of the ecliptic in the column for 
the altitude and (the corresponding entry) will be (the duration of) evening twilight at that time 
(of year). If you subtract it from 12 the remainder will be (the time from sunset to) daybreak, 
if God Almighty wills. (Alternatively we can use) the calculation on which the table is based. 
Multiply the Sine of 17°, which is 18;32,59 by the total Sine, which is 60, and the result will 
be 1112 and 59 (sixtieths). Divide this by the Sine of the solar meridian altitude for [the point 
of the ecliptic opposite !!] that solar longitude and the result after taking the arc corresponding 
to the quotient will be (the duration of) evening and morning twilight for that (solar) longitude. 
Make each 15° an equal (??) hour, and this will be what you wanted. 


8 Extracts from an anonymous 12 th -century (?) Andalusi (?) treatise on horary quadrants 

MS Cairo TM 155,3, fols. 19r-21v 

An approximate method is that you open the compass so that if you put one of its legs on the 
line of the centre and the other at the centre of the quadrant, (draw arcs,) and keep in mind 
which of them passes through the six equal divisions into which the above-mentioned (altitude) 

scale is divided; you keep doing this until the six hour lines are completed . 

. This kind of shape can be made universal by marking any point on the line of 

rising and setting (viz., the horizontal axis) preferably at a medium distance from the beginning 
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of the quadrant scale and from its centre and drawing a straight line to the end of the quadrant 
which will be the end of the sixth (hour). Then you put the ruler on each ten (degrees) of the 
altitude scale and on the centre of the quadrant and you make a mark at its intersection with 
the line of the maximum altitudes and join these marks and the common point with straight 
lines which are the day-circles of the maximum altitudes. You mark the hours on them using 
the altitudes of the hours on the maximum altitudes as you marked them on the day-circles 
using the altitudes of the hours of the day-circles. 
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On the universal horary quadrant 
for timekeeping by the sun 




In memory of Frans Bruin 




DEDICATION, 

ACKNOWLEDGEMENTS AND NOTES TO THIS VERSION 


This study is dedicated to the memory of Frans Bruin (1922-2001), a scholar with a unique 
understanding of ancient and medieval astronomical instruments, who did much to arouse my 
interest in them. He was well known to a small group of historians of astronomy, principally 
those associated with the school of Otto Neugebauer, for his knowledge of ancient and medieval 
observations, partly based on his own experience in trying to observe celestial phenomena in 
the same way as did the astronomers of Antiquity and the Middle Ages. In addition to a few 
important publications in the history of practical astronomy Frans produced a series of papers, 
the Biruni Newsletters, mimeographed and circulated privately, which deal with different 
themes in the history of observational and theoretical astronomy. 

In 1970-1971, when my wife and I lived in Beirut, Frans came to our apartment once a week 
to help me in my study of Ibn Yunus’ observation reports and to join us for dinner. Frans had 
erected a fine armillary sphere on the roof of the Physics Department at the A.U.B. (see Fig. 
1), and it was impressive to watch the shadow of the upper part of the equatorial ring move 
over the lower part at an equinox (see Newsletter no. 8 and 16). Frans also set up a small room 
near his house at Kfour as an “ancient observatory”. Here he had a series of architectural 
features and instruments and made observations (see Fig. 2 and Newsletter no. 1). 

I also had the pleasure of numerous conversations with Frans during the years of his secluded 
retirement in southern England. In spite of various physical handicaps, Frans never lost either 
his enthusiasm for instrumentation, which was but one of his interests in the history of science 
and in modem science. An obituary notice is in Journal for the History of Astronomy 33 (2002), 
pp. 214-216, but, for reasons of space, this was shortened from a longer version I had prepared. 
Here I include a list of Frans Bruin’s publications dealing with the history of astronomy: 

1967: “L’eclipse d’Hipparque et les grandeurs et distances de la lune et du soleil”, Orion, 
vol. 12, pp. 50-54; 1971: The Books of Autolykos (with A. Vondjidis), Beirut: A.U.B.; 1976: 
“The Equator Ring, Equinoxes and Atmospheric Refraction” (with M. Bruin), Centaurus, vol. 
20, pp. 89-111; 1977: “The Limits of Accuracy of Aperture Gnomons” (with M. Bruin), in 
T1PIXMATA — Naturwissenschaftsgeschichtliche Studien—Festschrift fur Willy Hartner, Y. 
Maeyama and W. G. Saltzer, eds., Wiesbaden, 1977, pp. 21-42; 1979: “The First Visibility 
of the Lunar Crescent”, Vistas in Astronomy, 21 (1979), pp. 331-358. 

The Biruni Newsletters, of which copies are available at the Jafet Memorial Library of the 
American University of Beirut; the Department of the History of Science and Medicine at Yale 
University; the Institute for the History of Science at Frankfurt University; and the Institute 
for History of Mathematics at Hamburg University, are entitled as follows: 

1965 (1) Plans for the Biruni Observatory; 1966 (2) On the observations of Hipparchos in 
Nicaea and Rhodos; (3) The making of an astrolabe; (4) The Tower of Winds in Athens; (5) 
The eclipse of Hipparchos and the size and distance of the moon and the sun; 1967 (6) 
Measurements in the prime meridian; (7) The shaking minarets of Isfahan; (8) The equatorial 
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Fig. 1: Frans Bruin and his armilla. 



Fig. 2: Cut-away view of what Frans Bruins called his “Arab observatory” in the village of Kfour on Mount 
Lebanon at altitude 700 metres described in his own words: “m marble meridian strip of sundial on inside floor; 
m’ the same on the roof; ew east-west strip used during equinoxes; ms mural sextant of 3 metre radius; st stone 
table with reference point; t sighting tube; r small ring on the roof close to orifice of sundial; trp line of sight 
to Pole Star; d short brass ruler on pillar being one degree when viewed from o (the distance od is 16 metres); 
d is used as artificial horizon for setting sun at equinoxes; a frame for alt-azimuth instrument; tr triquetrum.” 
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ring; (9) The astronomical observatory of Ulugh Beg in Samarkand; 1968 (10) The observa¬ 
tional instruments of al-Urdi; (11) al-Battani’s chapter on the construction of the globe, the 
quadrant, and the ruler for astronomical observations; (12) The outflow clepsydra; (13) The 
astronomical observatory of Nasir al-Din al-Tusi in Maragheh; (14) The astrolabe with rings; 
(15) The construction of instruments used for the correction of astronomical tables by Abd 
al-Munim al-Amili-i Fotuni; 1969 (16) The equatorial ring, pt. 2; (17) The eye and the sky; 
(18) The first visibility of the lunar crescent; (19) The Fakhri Sextant in Rayy; (20-21) 
Astronomy and Physics at AUB; (22) Ptolemy on atmospheric refraction in his fifth book on 
optics; (23) The Hindus and al-Battani on the first visibility of the lunar crescent; (24) The 
heliacal setting of stars and planets; (25) The Observatory of Cairo; 1970 (26) Precise 
astronomy in Egypt. Was there any?; (27) The gnomon and Indian circle before 900 AD; (28) 
Aperture gnomons and Continental Drift; (29) The instruments of Taqi al-Din in the 
Observatory of Istanbul; (30) A treatise on small instruments by Abd al-Rahman al-Khazini 
of Khurasan (1150 AD); (31) Surveying and surveying instruments being Chapters 26, 27, 28, 
29, and 30 of the book On Finding Hidden Water by Abu Bakr Muhammad al-Karaji (1029 
AD); (32) The Hipparchean Diopter and the sizes of the planets; (33) The planispheric astrolabe, 
its history, theory, and use. Ch. 1: Description of the instrument and review of the literature; 
Ch. 2: History of the instrument; (34) The planispheric astrolabe, its history, theory, and use. 
Ch. 3: Astronomical background; Ch. 4: Some astrological concepts; (35) The planispheric 
astrolabe, its history, theory, and use. Ch. 5: Theory of the instrument; (36) Astronomical 
observations before Ptolemy; 1971 (37) Ancient measures. Units of length, volume, weight, 
and time, as related to astronomy; (38) Planetary motion (extract from lecture notes); 1973 
(39) The Creation of the Universe. Historical introduction; (40) The Creation of the Universe. 

Frans was extremely generous to those people at all levels of society whom he respected 
but could not suffer fools lightly. For encounters with both groups, he was richly blessed with 
a good sense of humour. He gave readily of his knowledge to serious students, but, for the 
reasons just explained, seems to have been engaged in an ongoing battle against the ad¬ 
ministration of the A.U.B. He much enjoyed telling the story of the young astrophysicist 
colleague who tried to hijack his Observatory from him. But there were four other stories about 
Frans Bruin that should go down in the annals of the history of astronomy. 

1. When he had been commissioned to make a sundial for the campus garden by the 
President’s wife, he was horrified to find that his sundial was to be purely ornamental and 
to be situated in a place where it would not enjoy the faithful Lebanese sun. His opinion 
about this matter was written on a paper preserved in a metal box in the cement of the 
base of the sundial. 

2. Frans had an aperture gnomon in the ceiling of his living-room at Kfour. For over three 
years he had been marking the images of solar equinoctial and solstitial meridian passages 
in chalk on the marble floor (a continuation of the observations described in Newsletter, 
no. 6). Shortly before the 48 th month of his observations, his Dutch mother-in-law came 
for a visit. The first thing she did upon arrival was to wipe up the “mess” on the floor. 
I am not aware of a printed version of Frans’ reaction. 
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3. One day a Lebanese boy scout came to the Observatory and wanted some information for 
a project. Frans was happy to help him, but asked a favour in return. Could the lad kindly 
go to the Mufti’s Office in Beirut to ask how they regulated the lunar calendar, especially 
the beginning and end of Ramadan. (The determination of lunar crescent visibility was 
one of Frans’ favourite research topics, and one in which he was involved on a regular 
basis with his own calculations and predictions.) The boy returned a week later and 
reported that the Mufti’s office took their information from the Meteorological Station at 
the Airport. Frans produced the bus-fare and asked the lad to go to continue his 
investigations out there. A week later, the boy returned with the surprising news that the 
Meterological Station got their information from the Observatory at the American 
University of Beirut. Thereupon Frans asked his assistant if he ever heard from anyone 
at the airport, whereupon he was informed that, yes, they called regularly every month 
and were supplied with Frans’ predictions for the next month. 

4. Frans had, of course, computed his own horoscope, necessarily according to Ptolemaic 
astrological prescriptions. He had predicted, amongst other things, that he would die a quiet 
death. In 1964, whilst passing through Grand Central Station in New York City, he was 
much amused by a computer-generated horoscope based on modem astrological prescrip¬ 
tions, which he purchased for a few dollars. According to this, he would die a violent death. 
Fortunately, although perhaps only because Frans fled his beloved Lebanon, it was the 
Ptolemaic horoscope that turned out to be right. It was only his armillary sphere that was 
blown to bits by tank fire. 

In this study I have inserted some material from my earlier study of the approximate formula 
(XI) and have moved some of the illustrations from there to here. A shorter version of Sections 
1-4 of this study is in “A Vetustissimus Arabic Treatise on the Quadrans Vetus ”, Journal for 
the History of Astronomy 33 (2002), pp. 237-255. It is my hope that these various studies will 
put an end to the continuing misrepresentation of the universal horary quadrant in the modem 
literature, and that they will inspire a new investigation of the relationship between the Baghdad 
treatise, the treatise in the Libros del saber, and the various Latin texts. 
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1 Introduction 


“Ce procede (des lignes horaires) qui n’est rien moins que geometrique, pouvait fournir une 
approximation passable en Arabie, ou les heures temporaires differaient tres peu des heures 
equinoxiales. Sacrobosco n’a pas vu qu’en le transportant en Europe, il le rendait d’autant 
plus inexact, que la latitude etait elevee. Sacrobosco nous decrit cette construction sans aucune 
reflexion, et nous donne ainsi la mesure de ses connaissances mathematiques. Si elle vient 

des Arabes, on peut dire qu’elle n’est guere digne d’eux.” Jean-Baptiste Delambre, 

HAMA (1819), p. 247. 

“The quadrans novus was entirely different from the quadrans vetus ; it was far more com¬ 
plex, being meant to be of the same service as the astrolabe.” George Sarton, IHS , 11:2 (1931), 
p. 851. 

“In its simplest form the quadrant is a device for measuring the sun’s altitude directly.. 

The quadrant can be adapted to read hours directly by providing it with a suitable scale of 
dates and a set of hour-lines; it is then termed a horary quadrant .” F. A. B. Ward in London 
BM Catalogue (1981), p. 53, taken from the notes of Derek de Solla Price. [Possibly it was 
Price who started the modern fiction that the universal horary quadrant must be fitted with a 
solar scale.] 

“Des le XII e siecle, le quadrant (ancien) fut done perfectionne par Tadjonction d’un curseur, 
capable de founir la hauteur meridienne necessaire sans qu’il fut besoin de 1’avoir observee.” 
Emmanuel Poulle, “Les instruments astronomiques du moyen age” (1967 Paris edn.), p. 18. 

“ ... the (universal) horary quadrant was the result of an adaptation—one of great geometri¬ 
cal ingenuity—of an instrumental solution of (the approximate) formula ... , which is an 

approximation of the true formula.How the formula was arrived at and who invented the 

instrument remain unknown to us.” Richard Lorch, “Universal Horary Quadrant” (1981), p. 
119. 

“At best, the lines (on the back of an astrolabe) can give the unequal hour with an accuracy 
only about half as great [!!] as that given by the conventional astrolabe itself. At worst, the 
lines are carelessly drawn, unnumbered, very small indeed, and—worst of all [!!]—not asso¬ 
ciated with an auxiliary scale of solar positions.Not a single medieval (astrolabe) has 

survived in a form which would suggest that the unequal-hour lines were used meaningfully.” 
John North, “Hour-Line Ritual” (1981), pp. 113-114. 

“But if the quadrans novus had a relatively short life in the West, it endured far longer in 
Islam [sic]. From at least the 17 th century onward in the Ottoman empire an attractive form of 
quadrant was produced in lacquered wood, which included a Prophatius quadrant on one of 

its two faces [sic]. (It)... continued in use until the early 20 th century..Throughout all this 

time, however, the instrument showed neither change nor refinement [sic]. 99 Anthony J. Turner 
in Rockford TM Catalogue (1985), pp. 205-206. 

“Although (the unequal hour diagram) was to become common on later astrolabes, especially 
European ones, it seems to have been of little service (sic) and surviving examples on astro¬ 
labes are frequently useless (sic)C Anthony Turner, Mathematical Instruments in Antiquity 
and the Middle Ages (1994), p. 77, n. 91. [Turner then recommends to his readers the study by 
Richard Lorch cited above, and “for the uselessness of surviving examples”, the ill-fated 
study by John North.] 

“The medieval tract on the quadrant called Quadrans vetus ... has given rise to a vigorous 
interpretative debate. Amongst the issues disputed are the author’s name and the date of com¬ 
position .... Was it written after the mid-thirteenth century, or perhaps as much as a century 
earlier? The classical pronouncements by eminent scholars like Paul Tannery, Pierre Duhem, 
Jose Millas y Vallicrosa, and Lynn Thorndike have been scrutinized in recent studies by 
Emmanuel Poulle, Steven K. Victor and Nan L. Britt Hahn.” Wilbur Knorr, “Quadrans Vetus ” 
(1997), p. 23. 

“One thus lacks a firm precedent for an understanding of the calibration of the cursor before 
the thirteenth century.” Idem , “Sacrobosco’s Quadrans ” (1997), p. 213. 

“The universal horary quadrant... was an inferior device for reckoning time from solar alti¬ 
tude, giving approximate values in planetary hours.” Gerard L’E. Turner in Christies London 
08.04.1998 Catalogue , p. 73 ad lot 49 (#256). 
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“Also on the back (of the navicula) is an unequal hour quadrant for converting time in equal 
hours found by the sundial [sc. the universal horary dial on the front of the navicula ] into 
unequal or planetary hours.” Jim Bennett, “Oxford Navicula ”, on EPACT website. 

“(The quadrans vetus ), designed to measure heights, distances and depths, could also be used 
as a universal sundial.” Anthony J. Turner, “Florence Quadrans vetus ”, on EPACT website 

“I am said [by King] to have claimed that the universal horary quadrant is “essentially non¬ 
functional”, and that this is a misunderstanding. It is indeed a complete misunderstanding of 
what I actually wrote, but more to the point, it heads in no detectible direction except that of 
fending off an imagined slight to early Islamic science.” John North, “Review of King, Mecca- 
Centred World-Maps ” (2000), col. 750 ad p. 351, n. 91. 

“The quadrant (on the back of the navicula) can be used with the sights both to measure the 
angular height of any object and to show the planetary hours of the day.” Hester Higton in 
Greenwich NMM Sundial Catalogue , p. 250. 

“The quadrans vetus ... probably had its origins in Arabic countries, where examples have 
been dated to the eighth century [sic]. ... (Adjusting the quadrant) for the correct date and 

latitude.(is) a rather complicated process.After this rather longwinded setting-up 

process the quadrant is ready for use.This is quite a laborious for finding the time, but 

the end result was usually more accurate than that given by pillar dials or ring dials.” Hester 
Higton, Portable Sundials (2001), pp. 22-23. [Setting up the instrument for the right latitude 
and date would have been trivial for any medieval astronomer. The author neglects to mention 
that one must then set the bead on the curve for the sixth hour before sighting the sun. The 
result is indeed approximate, but would be less accurate than the results from properly-made 
vertical dials or ring dials.] 

The universal horary quadrant is an ingenious mathematical device which was used in one form 
or another for close to 1000 years, 1 yet its first mention in the primary sources is not generally 
known, and the function for which it was intended, in the rare cases where it is mentioned, 
has sometimes been misunderstood in the modern secondary literature. 2 Its function was, for 
any reasonable terrestrial latitude and at any time of the year, to find the time of day in seasonal 
hours 3 from the altitude of the sun and its meridian altitude; it is based on an approximate 
formula that works better than one would expect at first encounter. Because of its simplicity 
and efficacy, the universal horary quadrant in its different manifestations became, after the 
astrolabe, and insofar as one can separate it from the astrolabe, 4 the second most widely- 
produced instrument in the Middle Ages, at least in Europe if not in the Islamic world. 5 In 


1 See King, article “Rub c ” [= quadrant] in EI 2 , VIII (1995), pp. 574-575 and 4 pis., and X-6, for overviews 
of the early history of the different kinds of quadrant in the Middle Ages. The Baghdad treatise was announced 
already in King, “Review of Sezgin, GAS , VI”, p. 59. The findings of this paper are summarized in idem , 
“Neglected Astrolabe”, pp. 48 and 51-52, and idem , “Astronomical Instruments between East and West”, p. 165. 
The text and translation of the Baghdad treatise are published in idem , “A Vetustissimus Arabic Treatise on the 
Quadrans Vetus ”, JHA 33 (2002), pp. 237-255. 

2 In the modem literature the best overview of the markings and their history is Archinard, “Unequal Hour 
Diagram”. See also n. 3:1. 

3 The seasonal day hours of Antiquity and the Middle Ages are the one-twelfth divisions of the length of 
daylight; they are hence dependent on terrestrial latitude and solar longitude. By “reasonable” I mean sometimes 
sub-polar, sometimes non-tropical, and sometimes between ca. 25° and ca. 45°. On the astrological associations 
of the seasonal hours see n. 13:5. 

4 On the astrolabe see North, “Astrolabe”, and King, “Neglected Astrolabe”, expanded in XIHa, the latter 
dealing, in particular, with the origin of some of the components. 

5 Note that I use the word “widely-produced” rather than “widely-used” or “widely-known”. To what extent 
universal horary quadrants were used is a matter for debate, as is the extent to which the theory underlying their 
markings was understood. 
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the history of medieval instrumentation it went hand-in-hand with a shadow square—see further 

App. B. 

I use the term “universal” to describe any astronomical instrument or table that works for 
essentially all terrestrial latitudes. 6 I use the expression “universal horary quadrant” because 
the markings are universal, the purpose solely to measure the time of day in seasonal hours, 
and the form usually a quadrant. 7 Other modem expressions, such as “unequal-hour lines”, 
“unequal-hour diagram”, “universal sundial”, and “horary quadrant for planetary hours”, let 
alone “le quadrant israelien ou judaique”, tend to obscure the function and the scope of the 
markings, as well as their origins. Likewise I use the expression “universal horary dial” to refer 
to the kind of markings found, i.a., on the medieval instrument known as the navicula or the 
Uhrtafelchen of Regiomontanus: they too are universal, they serve the determination of the 
(equinoctial) hours using the exact formula, and they consist of a set of fixed horary markings 
to be used in conjunction with an ingenious movable device with thread and movable bead 
attached with which one can enter the local latitude and the solar declination. This seems 
preferable to various other expressions in the modem literature, some with good historical 
backgrounds, such as “Uhrtafelchen” or “cadran solaire rectiligne” or “rectilinear dial” or 
“universal sundial” or “universal altitude sundial”. There is a sense in which the quadrant and 
the dial serve the same purpose: both serve essentially only timekeeping by the sun; 8 both are 
universal, but one is approximate and the other is accurate; one is very easy to use and the 
other requires some dexterity, especially to arrive at the exact solution. 9 There is a third 
universal device that has also had a chequered career in the Middle Ages as well as in the 
modem literature, namely, the universal horary markings sometimes found on alidades: see 
further App. C. 

Hitherto, the first descriptions of the quadrans vetus, that is, the universal horary quadrant 
with movable solar longitude cursor, also provided with a shadow square, were known only 
from medieval European sources: in the present study, an Arabic text from 9 th - or 10 th -century 
Baghdad on the very same instmment is presented. I leave it to others to investigate the 
relationship of this “new” treatise to the later Latin texts; certainly the European tradition was 


6 On universal instruments and tables see further Vla-b. Alas the universal horary quadrant was omitted 
from the earlier studies (first published in the 1980s and repr. in King, Studies, C-VI and VII) on which the 
new versions are based. On the concept of universality in relation to the standard astrolabe see idem, “Geography 
of Astrolabes”, pp. 6-11 and 14-17, now in XVI-2 and 4. 

7 In some recent writings the purpose of the markings is said to be for converting time in equinoctial hours 
to seasonal hours. 

8 A more complex mathematical device is required for timekeeping for any latitude by the stars, since this 
also involves the sun and various kinds of stellar data must be accessible. Such a device was invented in Baghdad 
in the 9th century: see now Charette & Schmidl, “Habash’s Universal Plate”, and now XIIb-12. 

The universal horary quadrant can of course be used to find the time of night from the instantaneous and 
culminating altitudes of any star, but the time is then given in “stellar hours” related to the arc of visibility of 
the star in question. Only one medieval astronomer is known to me (1-4.6.1) who used such “hours”. 

9 The correct use of the universal horary dial on the navicula is nowhere described in the modem literature. 
See further the parallel study to this one in XHb. 
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derived from early Islamic sources, not least because the horary markings in both traditions 
are associated with shadow squares (see App. B). But there is another instrument we should 
consider as well, namely the quadrans novus, a late-13 th -century European development of the 
quadrans vetus that included some astrolabic markings. The modem literature on the quadrant 
is cluttered with a confusion of the quadrans novus with the astrolabic quadrant, an Islamic 
invention quite different in conception. 

The universal horary quadrant without a solar scale, which, like the shadow scales, is found 
occasionally on the backs of astrolabes, has been misunderstood by some modem authors as 
essentially non-functional without an additional solar scale: in this study I shall show that the 
basic markings even without the solar scale serve perfectly well the purpose for which they 
were intended. The correct procedure, which is beautifully simple, is very seldom (only 
once?) mentioned in the modem literature on the astrolabe. 10 

It is often overlooked that the universal horary markings provide a graphical representation 
of the altitude of the sun at the seasonal hours that is approximate. There is, however, no better 
way of representing graphically the solar altitude at the seasonal hours for all latitudes. If one 
wants to display graphically the solar altitude at the seasonal or equinoctial hours throughout 
the year for a specific latitude, one needs a different set of markings. Different ways of 
graphically representing the altitudes at either kind of hours for a fixed latitude were used by 
astronomers from the 9 th century onwards; * 11 I shall occasionally mention such latitude-specific 
quadrants. Also, in this study I shall carefully differentiate between approximate and exact 
solutions in spherical astronomy, and show that direct combinations of both are inappropriate. 
In the same way, it is not advisable to directly combine universal and latitude-specific solutions. 
Furthermore, my study shows clearly that to better understand instruments in their historical 
context, one should look not only at treatises on such instmments but also at the surviving 
instruments. 12 

Any attempt to seek the identity of some very clever person in the Islamic world who could 
have designed the universal horary markings, and to document in passing that others in Europe, 
perhaps not so clever, perhaps simply with less mathematical insight than their Muslim 
predecessor(s), often did not appreciate them or even overestimated them, runs the risk of 
turning into a kind of “cultural contest”. 13 However, such an attempt seems to me appropriate 
in this case and at this time not least because of the frequent distortions in modem accounts 
of the universal horary quadrant and the quadrans novus and the incessant stream of modem 
publications on the origins of the quadrans vetus in the Latin sources. 


10 See n. 9:7. 

11 See n. 2:3 on the earliest text, and Viladrich, “Horary Quadrant”, for a preliminary overview. New insights 
are presented in Charette, Mamluk Instrumentation, II-3.1. 

12 The best account of any group of medieval European quadrants is still Gunther, Early Science in Oxford, 
II, pp. 156-181. 

13 This expression in the context of the history of medieval astronomical instrumentation was coined by John 
North (in “Review”, col. 748). 
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Fig. 2a: The beginning and end of the text in the Cairo manuscript. [Courtesy of the Egyptian National Library, 
Cairo.] Note added in second proof (Jan., 2005): I dated this manuscript to ca. 1800 in the late 1970s, but this 
needs to be checked. By chance, I came across a very similar script in MS Meshed Shrine Library 392+393 
(formerly 5593+5521), copied at a Moghul court in 867 H [= 1462/63]. The manuscript is a miscellany of 
important early Islamic texts, including a unique copy of Diodes’ On Burning Mirrors. It came to Meshed by 
the late 19th century. See further Toomer, Diocles: On Burning Mirrors , pp. 26-31 and 114-137 (facsimile of 
Diodes text). Maybe my dating of the Cairo manuscript was too late. 


2 The Baghdad treatise and its author 

Various forms of the universal horary quadrant are described in an Arabic treatise from 9 th - 
century or, at the latest, 10 th -century Baghdad. The text survives in a manuscript preserved in 
the Egyptian National Library in Cairo; this is a very late copy, prepared ca. 1800, probably 
in the holy city of Meshed in N. E. Iran: see Fig. 2a. * 1 2 3 The surviving text is partially defective, 


1 MS Cairo DM 969,4, fols. 8v-9v, copied in an orderly but inelegant Persian hand. The manuscript, and 
also MS DM 970 by the same copyist ca. 1800, contains a series of important treatises on instruments from 
the 9th and 10th century, some, like this treatise on the universal horary quadrant, unique, and all unpublished. 
For details on the quadrant text see further Cairo ENL Catalogue , I, pp. 168-169, and II, pp. 540-541 (ad 4.6.12), 
and Cairo ENL Survey , p. 53 (no. B105) and pi. LIVa (caption on p. 207). 

The treatises copied in MS 969-970 are the following: 

(1) 969,1 (fols. lv-2v): Kitab Dhat al-halaq , “Treatise on the Armillary Sphere”, by Da’ud ibn Sulayman— 
see Cairo ENL Catalogue , II, pp. 374-375 (4.2.1); Cairo ENL Survey , no. B28; not in Sezgin, GAS , VI; King, 
“Review”, p. 59. 

(2) 969,1a (fols. 2v-3v): (Risala) ft Nasb dhat al-halaq wa- ’l- c amal biha, “Treatise on Setting up the Armillary 
Sphere and its Use”, anonymous, supplements (1), probably by the same author—see (1). 

(3) 969,2 (fols. 3v-5r): (Risala fi) ‘l- c Amal bi-’l-bayda wa-’l-kura , “Treatise on the Use of the Celestial 
Sphere”, by ( c an ) Abu T-Qasim al-Munajjim, compiled in 287 H [= 900] in Jurjan— Cairo ENL Catalogue , II, 
p. 375 (4.2.2); Cairo ENL Survey , no. B29; not in Sezgin, GAS ; King, “Review”, p. 59. 
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but it is not difficult to reconstruct the author’s intentions. In App. A I present the Arabic text, 
a translation, and a commentary. 

The treatise is anonymous and I have wondered whether it is to be associated with the 
celebrated 9 th -century astronomer Abu Ja c far al-Khwarizml, 2 who also authored the earliest 
known treatises on the horary quadrant for a specific latitude and the sine quadrant. 3 The 


(4) 969,3 (fols. 5v-7v + 10v-14r): a fragment (babs 73-89) of a one maqala of an anonymous treatise on 
the use of the astrolabe in at least 7 maqalas (see fol. 12v)— Cairo ENL Catalogue, II, pp. 398-399 (4.3.9-1); 
Cairo ENL Survey , no. B102; not in Sezgin, GAS. The identity of the author of this substantial treatise remains 
a mystery: he is not al-Farghanl, al-Quhl, al-Sufl, Abu Nasr, al-Blrunl, or one of the Andalusls Abu T-Salt, 
Ibn al-Samh or Ibn al-Saffar. For other possibilities see various authors cited by al-Blrunl in his main treatise 
on the astrolabe (listed in Sezgin, GAS , VI, p. 268). 

(5) 970 (42 fols.): anonymous treatise on the instrument called al-ala al-shamila , actually due to the celebrated 
10th-century astronomer and instrument-maker Hamid ibn Khidr al-Khujandl— Cairo ENL Catalogue , II, pp. 
545-547 (4.6.15); Cairo ENL Survey , no. B50; Sezgin, GAS, VI, p. 221, no. 1. 

2 On al-Khwarizml see the DSB article by Gerald Toomer. Unfortunately this anonymous treatise was not 
mentioned in King, “al-Khwarizml”, a study of various treatises attributed to him discovered in the 1970s, mainly 
dealing with instruments. 

3 On his writings on the horary quadrant for a fixed latitude see King, “al-Khwarizml”, pp. 30-31. On his 
writings on the sine quadrant and the purpose for which he invented it, namely, to solve the formula underlying 
the universal horary quadrant, see ibid., pp. 27-29, and pp. 7 and 10-11, and for the text and a new translation, 
Charette & Schmidl, “al-Khwarizml on the Astrolabe”, forthcoming. 

Of course, the universal horary quadrant of type 2 (see Fig. 2b) is nothing other than one variety of the sine 
quadrant (see n. 10:3). Richard Lorch (“Universal Horary Quadrant” and “Sine Quadrant”) has stressed the origin 
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Fig. 2b: The three different kinds of markings mentioned in the Baghdad treatise. 



Fig. 2c: The movable declination scale in a groove on the rim of the Baghdad quadrant of type 1, shown on 
a medieval European quadrans vetus (#5503). See also Fig. X-6.2.1 for the quadrans vetus in Oxford (#5502), 
and Figs. XI-10.2a-b for the one in Vienna (#5505). [Courtesy of the Museo di Storia della Scienza, Florence.] 


attribution of this treatise to the 9 th -10 th centuries is suggested first by the content, for it clearly 
predates the entire Latin quadrans vetus tradition. Furthermore, due attention is paid by the 
author to the determination of the times of the zuhr and the c asr prayers, associated here with 
the ends of the 6 th and 9 th seasonal hours (that is, midday and the middle of the afternoon), 


of the sine quadrant as a device for solving the approximate formula for timekeeping. See also Hogendijk, “Al- 
Khwarizmi’s Sine of the Hours”. 
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and the treatise is of prime importance since it represents a stage in the development of the 
Islamic prayer ritual before the standard definitions, in terms of shadow increases, were 
introduced; this process seems to have been achieved by the 9 th century. 4 The association with 
al-Khwarizml is suggested not least by the mention of the value 33° for the local latitude, which, 
in the light of our present knowledge of early Islamic astronomy, was only used by him in 
various minor treatises and can here only serve Baghdad. 5 Also it was used only in the 9 th and 
10 th centuries. Furthermore, in the summa on astronomical instruments for timekeeping by Abu 
c Ali al-Marrakushl (/?. Cairo, ca. 1280), the sine quadrant is called al-jayb al-Khwarizml, “the 
sine (quadrant) of al-Khwarizml”, and the shadow square al-zill al-Khwarizml, “the shadow 
(square) of al-Khwarizml”. 6 

If al-Khwarizml is the author, then this must be a later work of his, and he must surely have 
learned a great deal of trigonometry during his active life, for at least one of his early writings 
was heavy indeed, to the point of being somewhat absurd. 7 And it must be a later work of 
his than, say, his treatises on the construction and use of the astrolabe. 8 But he must also have 
learned a lot about the potential of Arabic as the new language of science, for the style is quite 
different from that of his astrolabe treatises. 9 Indeed, the language of the text is crisp and 
elegant, and no words are wasted. It is almost as if the work was, say, a 10 th -, 11 th -, 12 th - or 
13 th -century recension of some 9 th -century original. 

Against the hypothesis of an origin in, say, the 11 th -13 th centuries, we note, besides the various 
points mentioned above, the fact that all of the other works copied in the same manuscript 
are most probably from the 9 th and 10 th centuries. 10 Certainly some version of the treatise ended 
up in al-Andalus before the 13 th century, for it was surely in this way that the quadrans vetus 
came to the attention of Europeans in the 12 th century. But most of the astronomical materials 
transmitted from the Islamic East to al-Andalus were of 9 th - and 10 th -century origin. 11 al- 


4 On the times of prayer in Islam see the article “Mlkat, ii” [= astronomical timekeeping and the regulation 
of the times of prayer] in EI 2 , and now II. See further nn. 2:8 and 2:16 and the commentary to Ch. 4 in App. 
A. 

5 On his use of this parameter, which is not particularly accurate, see King, “al-Khwarizml”, p. 2, and also 
idem, “Earliest Qibla Methods”, p. 129. See further the commentary to Ch. 9 in App. A. 

6 On al-Marrakushl and the publications of the Sedillots pere et fils see the article in EI V and now II-2.7. 

7 See King, “al-Khwarizml”, pp. 10-11, on some mysterious tables by him entitled jayb al-saat , “sine of 
the hours”, and the rather surprising explanation in Hogendijk, “Al-Khwarizml’s Sine of the Hours”, repeated 
in XI-9.3. 

8 A German translation of the treatise on the use of the instrument was published by Joseph Frank in 1922. 
Brief remarks on the treatise on the construction of the instrument are in King, “al-Khwarizml”, pp. 22-27. See 
now the edition of both, with translation and commentary, in Charette & Schmidl, “al-Khwarizml on 
Instruments”. 

Two reasons why this would have to be a late work of his are: (1) In the treatise on the use of the astrolabe 
he is still experimenting with new definitions of the times of the zuhr and c asr prayers: see the commentary 
to Ch. 4 in App. A. (2) In his treatise on the construction of the astrolabe al-Khwarizml proposes a simple linear 
horizontal shadow-scale, 12 units below the horizontal diameter, and in this anonymous treatise from Baghdad 
we are dealing with a more developed shadow-square (see App. B). 

9 Compare, for example, the Arabic in the edited texts in Charette & Schmidl, “al-Khwarizml on 
Instruments”. 

10 See n. 2:1 above. 

11 King & Samso, “Islamic Astronomical Handbooks and Tables”, pp. 56-59. 
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Marrakushl in Cairo in the late 13 th century seems to have found his sine quadrant with movable 
cursor in an Andalusl source: see 5 and Fig. 5a. Furthermore, the Baghdad treatise was 
apparently unknown to Egyptian and Syrian astronomers of the 14 th century, who were the 
specialists in different varieties of quadrants. 

If the author is not al-Khwarizml, then other possibilities are the very innovative Habash 
al-Hasib (fl . Baghdad, ca. 830-880), 12 who was particularly interested in trigonometry, or the 
well-known astronomer Thabit ibn Qurra (fl . Baghdad, ca. 880), 13 but I consider both unlikely. 

Since the attribution is uncertain I propose not to insist on al-Khwarizml. In any case, our 
author, who makes no claim to have invented the instrument, was fully in control of his subject, 
not least because he proposed three different equivalent forms of the instrument, and he 
assumed a certain basic knowledge on the part of his readers. 

The markings of the universal horary quadrant described in the Baghdad treatise are in three 
basic forms (see Fig. 2b) with an optional movable or fixed calendrical/declination scale fitted 
in a groove on the rim (Fig. 2c). 14 Alas the description of the cursor has dropped out of the 
text as it now stands, but from references elsewhere in the treatise it seems that the argument 
was the date in a solar calendar (perhaps the Persian one). 15 Essentially the markings in each 
of the three kinds are linked to the 15°-divisions of the outer scale, either by arcs of circles 
(type 1), a set of parallels (type 2), or a set of radii (type 3). Superposed on the horary markings 
is a shadow square with scales on each of the two non-axial sides (see App. B). Special 
markings on the curves for the 3rd and 6th hours may have been intended, in order to show 
their relationship to the times of prayer; these inevitably disappeared in the Latin tradition. 16 


12 Most of Habash’s treatises on instruments use 34° for the latitude of the Abbasid capital, Samarra. To 
add to the continuously-growing list of his writings known to us (see King, Mecca-Centred World-Maps , pp. 
40-41 and 345-359) are the following: first, a note on the use of the alidade as a universal sundial (see further 
App. C), and secondly, although the attribution is not yet certain (Charette & Schmidl, “Habash’s Universal 
Plate”, p. 110, n. 14), the treatise on a special sundial for latitude 34° appended to the unique 10th-century copy 
of Thabit’s treatise on sundial theory (Morelon, Thabit , pp. 165-167 and 291-294, and Charette, Mamluk 
Instrumentation , pp. 205-207). 

13 Joseph Drecker ( Theorie der Sonnenuhren , p. 86) mentions copies of Sacrobosco’s treatise in the 
Bayerische Staatsbibliothek in Munich in which the text is associated with “Thabit” (Clm 10661) and 
“Albatenius” (Clm 14583). No such treatise was known to Francis Carmody who in 1960 surveyed various Arabic 
and Latin treatises associated with Thabit ibn Qurra ( DSB , s.v.). Likewise, no such treatise was known to Regis 
Morelon, who in 1987 published various original Arabic texts by Thabit. “Albatenius”, the early-10th-century 
Syrian astronomer al-Battanl {DSB, s.v.), is not known to have written on instruments other than those in the 
Almagest (the section on sundials in the unique copy of his astronomical handbook is spurious). 

14 On the Florence piece (#5503) see n. 7:1 below. 

15 On the calendars used by Muslim astronomers see King & Samso, “Islamic Astronomical Handbooks and 
Tables”, pp. 19-20, and the article “Ta’rlkh, iv” [= calendars] by Benno van Dalen in EI r 

16 In Christian Europe, all of the specifically Islamic materials in Islamic astronomical works, such as the 
treatment of the times of the zuhr and the c asr prayers, were invariably suppressed in new Latin versions. This 
was perhaps unfortunate in the case of the Baghdad treatise, for the procedures advocated here (see the 
commentary to Ch. 4 in App. A) would have been very useful for determining the sexts , as well as the terces 
and nones , but these were surely of less interest at the university scene in Paris than in monasteries. 
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Fig. 3a: The use of the three kinds of universal quadrants to find T(h,H). Our Baghdad astronomer simply wrote: 
“the use of all of these is the same”, and leaves the details to the imagination of his readers. 


3 The approximate formula for timekeeping 

The main markings serve the solution of an approximate formula for timekeeping adopted by 
Muslim astronomers (along with the exact formula) from Indian sources. 1 In modem notation 
we may render this as: 

T = V arc sin { sin h / sin H } , 

where h is the instantaneous solar altitude, H is the meridian altitude, and T is the time since 
sunrise or before sunset in seasonal hours (0 < T < 6). By setting the movable bead on the 
radial thread in a certain way (different for each variety) to H, entered on the outer scale, and 
then aligning one side of the quadrant towards the sun with altitude h on the same scale, the 
time of day T can be read from the position relative to the hour markings of the bead on the 
now vertical thread (see Fig. 3 a). 

The inspiration for the formula was clearly the fact that both at latitude 0° and for all latitudes 
at the equinoxes it is correct. The formula is approximate for other solar longitudes and works 
extremely well in Mesopotamian and Mediterranean latitudes but less well in, say, Northern 
Europe. The errors are latitude-dependent and the maximum errors (which occur at the summer 
solstice) 2 for latitudes: 


1 For derivations of an equivalent formula see already Delambre, HAMA , pp. 243-247; Drecker, Theorie 
der Sonnenuhren , p. 86; Lorch, “Universal Horary Quadrant”; and Archinard, “Unequal Hour Diagram”, pp. 
181-187. Each of these writers concentrates on the hour-angle, where as the instrument is intended for finding 
the time since sunrise. 

The substantial literature on this formula, together with the tables and instruments based on it, is analysed 
in XI, and Charette, Mamluk Instrumentation , I-1.4.2-3. 

2 Compare North, “Hour-Line Ritual”, p. 113. The errors using the formula are investigated more fully in 

XI-2.3. 

The determination of time from solar altitude using a single universal plate known as the shakkaziyya in Arabic 
and saphea in Latin (see the article “Shakkaziyya” in EI 2 ) is also based on this formula: see Tannery, “Quadrant”, 
p. 147, and also the discussion of the errors in Puig, al-Sakkaziyya , pp. 67-72. The single shakkaziyya quadrant 
also has this property (see also North, “Meteoroscope” on the same instrument used for different purposes). To 
solve problems involving the transformation of coordinates (and hence the exact formula for timekeeping) one 
needs a double shakkaziyya quadrant, such as was described by Jamal al-Dln al-Maridlni ca. 1400: see King, 
“The Shakkaziya Quadrant of al-Maridlni”. 
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are of the order: 


30° 40° 50° 


6 9 14 seasonal minutes, 

that is, 7 11 19 equinoctial minutes. 

The virtue of the formula is not only its simplicity but also its universality and efficacy (at 
least within the regions in which it was first conceived). One could add that for most times 
of day during most of the year in places with latitude less than, say, 40°, the formula works 
extremely well. 

The construction of the markings of type 3 is trivial, for type 2 less so, and for type 1 simple 
when one has found the centres of the circular arcs. 3 The operations with the markings of type 
3 are facilitated by having also a set of horizontal parallels. 


4 The optional cursor 

The addition of a movable cursor attached in a groove on the outer scale enables the user to 
enter H throughout the year knowing only the local latitude 0 and the solar longitude X or the 
date if a calendar scale is present: it is not essential to the basic operation of the instrument. 
The scale on the cursor essentially serves to show the solar declination 8 as a function of X,' 
so that if the centre of the cursor is set at argument 90° - <|), which is the solar equinoctial 
meridian altitude, the mark for X on the cursor will be at argument 90° — cf) + 5, which is H, 
on the outer scale. It was not too much to expect that the medieval astronomer or user in general 
might know the solar meridian altitude on a given day: this function was tabulated in medieval 
ephemerides, * 1 2 and medieval tables displaying time of day as a function of solar altitude 
sometimes had the solar meridian altitude as the other argument (otherwise it would be the 
solar longitude). 3 


3 See the discussions in Lorch, “Universal Horary Quadrant”, pp. 116-117; XI-2.2; and Charette, Mamluk 
Instrumentation, pp. 211-215. 

1 A scale for, say, each degree of 8 is trivial to construct; a scale based the solar longitude K is more 
complicated, but still simple using an analemma construction. A scale based on the months requires a table 
showing the dates of the sun’s entries into the signs—see XIIb-9d. A good description of such scales is in Fantoni, 
Orologi solari, pp. 351-357. 

Similar scales for converting k to 8 or sin 8 or tan 8 are found on other early medieval instruments. An example 
for 8 is found on a universal instrument for timekeeping by the stars by Habash al-Hasib, a contemporary of 
al-Khwarizml (see Charette & Schmidl, “Habash’s Universal Plate”, p. 154). An example with which one could 
find sin 8 and cos 8 is on the universal horary dial on the sole surviving albion in the Osservatorio Astronomico, 
Rome (illustrated in North, Richard of Wallingford, III, pi. XXIII). The declination scale on the bottom of the 
universal horary dial on the medieval English naviculas serves to determine 8 and that at the side tan 8. See 
further XIIb-7. 

2 As, for example, in the 14th-century tables for the Yemen and Oxford—see the article “Takwlm” [= 
ephemeris] by Michael Hofelich in EI 2 , and Nicholas of Lynn, Kalendarium, respectively. In the tables of solar 
altitude for the equinoctial hours at the latitude of Baez compiled ca. 1435 by pseudo-Enrique de Villena 
(Astrologia, pp. 171-176), one argument is the dates for which the solar meridian altitude can be rounded to 
a given degree. 

3 See 1-2. 
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Fig. 5a: A diagram of a universal horary quadrant (type 2 with additional orthogonal meridians—see Fig. 2b) 
with movable cursor found in the treatise on instruments for timekeeping by al-Marrakushl. This appears to be 
a development from the markings of the back of the zarqalliyya plate, but al-Marrakushl refers to this, the back 
of a zarqalli quadrant, as a sine quadrant. [From al-Marrakushl, A-Z of Astronomical Timekeeping, I, p. 376, 
from MS Istanbul Topkapi Ahmet III 3343, copied in 747 H [= 1346/47].] 


The provision of a fixed cursor immediately limits the universal application of the cursor 
itself, but not the potential universal application of the horary markings. A solar scale anywhere 
other than on the outer rim of the quadrant, such as on the radii of the quadrant or on a radial 
rule, would also compromise the spirit of the markings, because the scale itself is necessarily 
latitude-dependent. 

5 The “quadrans vetus” in the Islamic world 

The universal horary quadrant with a movable cursor apparently had little success in the Islamic 
world. The answer to the inevitable question “Why?” is quite simple: better instruments, and 
also extensive tables, were available to the Muslim astronomers for timekeeping. This did not 
stop Rabbi Qag in Toledo in 1276 from compiling a treatise on the construction and use of 
the quadrans vetus (here called “el quadrante con que rectifican ”): this appeared in Middle 
Castillian in the Libros del saber de astronomia} Furthermore, Abu 'All al-Marrakushl ( ca. 


1 Rico y Sinobas, ed., Libros del saber, V, pp. 285-316, discussed in Millas, “Cuadrante con cursor”, pp. 
66-67, etc. 
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1280) described and illustrated such a quadrant with markings of type 2 (Fig. 5a), which he 
surely took from Andalusl sources. 2 1 know of no other texts dealing with such quadrants with 
movable cursors. Furthermore, no Islamic examples of such quadrants with any such cursors 
are known to have survived. To the other inevitable question: “How could such an important 
treatise survive only in a very late copy?”, I can only refer the reader to other examples of 
such situations. 3 

6 On some other Islamic varieties of quadrants 

The straight lines of types 2 and 3 lend themselves at first sight more readily to further 
applications in spherical astronomy than those of type 1. However, it was not beyond the wit 
of certain Muslim astronomers in the 14 th century to find general applications of even the 
markings of type 1. They conceived sophisticated instruments based on various modifications 
of the basic markings (Figs. 6a-b), but these were not widely used outside the circles of Mamluk 
and Ottoman specialists in timekeeping. 1 

It should be noted that there is another type of markings which we find very occasionally 
on Islamic trigonometric grids. I label them “orthogonal meridians” (see Fig. XIIb-16a), with 
the understanding that they are not to be confused with markings for the hours. These consist 
of a set of quarter ellipses, resulting, like the parallel horizontal lines, from an orthogonal 
projection. However, a clever trick avoids the crowding of the markings near the limits: the 
ellipse segments are drawn for a set of uniform divisions on the horizontal radius, and there 
is a non-uniform scale on the radial rule corresponding to the Sines of the corresponding 
arguments. These markings appear in al-Andalus in the 11 th century on the plate of an otherwise 
standard astrolabe, 2 and on the back of the universal plate of Ibn al-Zarqalluh. 3 The Eastern 
Islamic origin of such markings has already been suspected. 4 The combination is also attested 
on the (Andalusl?) “quadrans vetus ” illustrated by al-Marrakushl (see Fig. 5a). 5 


2 On al-Marrakushl see n. 2:6. It seems that his information on this and other horary quadrants came from 
al-Andalus rather than from Baghdad. See also Viladrich, “Horary Quadrant”, pp. 285-286 (on MS Cairo TM 
155,3, copied ca. 1700, of a quadrant treatise compiled ca. 1150). 

3 King, Mecca-Centred World-Maps, pp. 366-367. The treatise on the universal horary quadrant is one of 
these examples, but Iranians in Meshed ca. 1800, almost a thousand years after the Baghdad treatise was first 
penned, did not start producing quadrantes vetera because they had no need for such instruments. See, however, 
n. 14:4. 

1 See, for example, the illustrations in King, “Astronomy of the Mamluks”, p. 546, and idem, Studies, B- 
IX, p. 8, and more especially Charette, “Der gefliigelte Quadrant”. 

2 #123, signed by Ibrahim ibn SaTd al-Sahll, dated Valencia, 463 H [= 1070/71]—Osservatorio di Roma— 
unpublished. 

3 Illustrated in Puig, al-Sakkaziyya, p. 201. 

4 See Puig, “Ibn al-Zarqalluh’s Orthographic Projection”. The origins of this grid are thus in astronomical 
timekeeping rather than cartography. Other examples of instruments on which mathematically-inspired grids have 
been confused with projections come to mind: see, for example, the grids on the maps described in King, Mecca- 
Centred World-Maps, and also XIIb-15-16. 

5 In fact, the combination is attested elsewhere in Islamic and Latin instrumentation and cartography and 
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Figs. 6a-b: Illustrations of three instruments for timekeeping from 14 th -century Syria, invented by Ibn al-Sarraj and 
a fourth (upper left) by Ibn al-Shatir. The illustrations are in the hand of Mustafa Sidql (see n. 11:1 to Xllb). [From 
MS Cairo MR 40,2, courtesy of the Egyptian National Library] 


In addition, a family of quarter-circles, which likewise cannot be used to represent the hours, 
can be useful. Markings of this type appear already on sine quadrants from 10 th -century 
Baghdad (see Fig. 10a). 

Muslim astronomers also developed different types of sine quadrants from the simple 
markings of types 2 and, to a lesser extent, type 3, sometimes combining these with “orthogonal 
meridians”, and, less frequently, a set of concentric quarter-circles. Some of these were widely 
used until the 19 th century, * * 6 although the most developed form, with equally spaced horizontals 
and verticals (like modem graph paper), and now serving the solution of any problem of 
spherical astronomy, predominated at least from the 14 th century onwards. 7 Thus, for example, 


merits a separate study. See already King, Mecca-Centred World-Maps , pp. 34-37, esp. fig. 1.7.5 and nn. 68- 

69. 

6 The best account is still Schmalzl, Geschichte des Quadranten , pp. 71-99. Two recent publications on 
treatises on early versions of this instrument are Charette & Schmidl, “al-Khwarizml on Instruments”, pp. 154- 
155 and 179-181, and Lorch, “Sine Quadrant”. 

7 This was a common feature on both medieval and late Islamic quadrants and also on the less-common 
medieval European sexagenarium (see Poulle, “Sexagenarium”). It is first discussed and illustrated in a treatise 
on an astrolabe with astronomical tables engraved on it as well as an equatorium by the 10th-century astronomer 
Abu Ja c far al-Khazin (extant in an unpublished manuscript preserved in Srinagar, Kashmir—see King, Mecca- 
Centred World-Maps , p. 369, n. 11). 
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Fig. 6c: The trigonometric markings on the back of the astrolabe made by Mukhlis Shirwanl in 910 FI [= 1504/ 
05] (#12). [Courtesy of the Museum of Islamic Art, Cairo.] 


on the back of the astrolabe (#12) made by Mukhlis Shirwanl in 910 H [= 1504/05] for the 
Ottoman Sultan Bayazld II (see Fig. 6c), we find in addition to a sexagesimal sine quadrant 
on the upper left a quadrant of markings on the upper right with a combination of equi-spaced 
horizontal parallels for each 5 units (type 2), radii for each 5° (type 3), and quarter-circles for 
each 5 units. If one had asked the maker why he did not put a universal horary quadrant on 
the back he might well have answered that it was completely superfluous since (for the latitudes 
he cared about) one could do everything properly with the front of the astrolabe (illustrated 
in Fig. XIVe-1.1). 

7 The quadrans vetus in Europe 

The quadrans vetus of medieval European astronomy consists of a set of universal horary 
markings with a movable cursor and a shadow square. Remarkably few examples survive, given 
the substantial medieval Latin textual tradition. Each of three surviving medieval examples 
appears to be French. They are preserved in Florence (complete), Oxford (cursor broken), and 
London — see Figs. 2c and X-6.2.1 for the first two. 1 Another preserved in Vienna is probably 


1 


#5502—Oxford, Museum of the History of Science, inv. no. 52020—illustrated in Poulle, Instruments 
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from the German-speaking world—see Fig. XI-10.2a-b. * 2 The instrument is nothing more nor 
less than the Baghdad quadrant of type 1. Even in the Renaissance the quadrans vetus was 
still being made: see Fig. 7a for a 16 th -century German example. 

The so-called quadrans vetustissimus , a modem appellation for another variety of quadrant 
illustrated in the medieval European sources, 3 is the Baghdad quadrant of type 2, with parallels 
drawn for more than each 15°. Several modem authors have devoted much time and energy 
to establishing the inter-relationship between the various Latin texts on the quadrans vetus; 4 
a task for the future will be to investigate their relationship to the Baghdad treatise, which 
perhaps involved an Andalus! text as intermediary. 5 

A universal horary quadrant appears with a fixed declination cursor on the back of a 14 th - 
(or possibly 15 th -)century navicula preserved in Florence: the underlying latitude is 52°, which 
would normally suggest England, but the design is more in the German tradition: see Fig. Xllb- 
2c. 6 The universal horary quadrant was also used in Europe without any cursor. Two rather 
spectacular examples larger than standard astrolabes are preserved from 14 th -century England: 
see Fig. 7b for one of these. 7 Several smaller examples are known; for one of Italian provenance 
see Fig. 7c. 


astronomiques , 1969 edn., p. 19; see now Meliconi, “Oxford Quadrans vetus ” on EPACT. 

#5503—Florence, Museo di Storia della Scienza, inv. no. 662—illustrated in Poulle, Instruments 
astronomiques , 1983 edn., p. 10, and King, Mecca-Centred World-Maps , p. 356; see now A. J. Turner, “Florence 
Quadrans vetus ” on EPACT. 

#5504—Fondon, British Museum, inv. no. 1972 1-4 1—see London BM Catalogue , p. 55 (no. 145) and 
pi. XX, and now Ackermann, “Fondon BM Quadrans vetus ” on EPACT. 

Meliconi, Turner and Ackermann have the provenance of these three pieces as “ca. 1300, French?”, “14th 
century, German”, and “14th century, English”. Already Turner points out that the engraving on the three pieces 
is distinct, but the Oxford and Fondon pieces shows a closer resemblance to each other than to the Florence 
piece. It is, of course, idle, to speculate about the provenance of such pieces without comparing them with 
contemporaneous instruments whose provenance is established. However, the Florence piece is not German. 

2 #5505—Vienna, Kunsthistorisches Museum, inv. no. ?—unpublished. This has been regarded as a fake, 
but it is a serious instrument. 

3 See Millas “Cuadrante con cursor”, who introduces the term to distinguish the instrument from the 
quadrans vetus , which he thought it must precede; Zinner, “Invento espanol”; and also Forch, “Universal Horary 
Quadrant”, p. 118. The instrument described in the Hebrew text of Mordecai Comtino (Constantinople, 15th 
century)—see Goldstein, “Astronomical Instruments in Hebrew”, p. 123—is not a quadrans vetustissumus but 
rather a latitude-specific horary quadrant (see also nn. 13:2-3 for Derek Price’s dismissal of the 14th-century 
English examples as fakes, quoted by Goldstein). 

4 See, most recently, Knorr, “Sacrobosco’s Quadrans ”, and “ Quadrans Vetus ”, especially p. 23 (extensive 
bibliographical references). On p. 213 of the first paper, Knorr summarised previous research on the dating of 
the quadrans vetus. 

5 On the omission of the material relating to Islamic prayer-times see n. 2:16. By the 10th century the 
Andalusls were using different definitions for the times of the midday and mid-afternoon prayer from those used 
in the Baghdad treatise. 

6 #8532—Florence, Museo di Storia della Scienza, inv. no. 3163—see XIIb-10. 

7 #296—Oxford, Oriel College—see Gunther, Astrolabes , II, p. 473 (no. 296). Of particular interest is the 
highly ingenious (and unique) combination of the altitude scale and shadow scale in the form of a crescent below 
the horary markings: see App. B and n. B:12. 
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Fig. 7a: A quadrans vetus from Germany dated 1523 
(#5515). The traditional medieval markings have been 
supplemented by a set of horary markings for the 
equinoctial hours together with a latitude-dependent 
radial solar-scale and an additional fixed circumferen¬ 
tial solar scale, by the side of which is an inscription 
indicating that the ensemble serves the 8 th climate, 
whose latitude is unhappily taken as 54°. [Present 
location unknown; photo courtesy of Auktionshaus 
Hampel, Munich.] 


4 



Fig. 7c: An Italian universal horary quadrant (#5501) 
made of wood with an unconvincing solar scale on the 
left-hand radius. [Present location unknown; photo 
courtesy of the former owner, Dr. Tullio Tomba, 
Milan.] 


8 The quadrans novus 

We should also mention the quadrans novus, an instrument apparently first described by Ya c qob 
ben Makhlr, also known by the names Ben Tibbon and Profatius, in Montpellier ca. 1290, which 
enjoyed some popularity also mainly in medieval France. 1 This is simply a quadrans vetus, 
inevitably with a shadow square, now fitted with a stereographic projection of the ecliptic, a 
few stars and various horizons on the front (Fig. 8a), and sometimes with a sexagesimal sine 
quadrant on the back, though more usually, calendrical-solar scales. This is something of an 
unfortunate instrument in that for approximate timekeeping one uses the quadrans vetus, for 
problems relating to horizon phenomena—such as determining the length of daylight and the 
lengths of the seasonal hours—one can use the horizons, but—since there are no altitude 
circles—for serious timekeeping by day or by night one must, each time, solve the accurate 
formula from scratch using the trigonometric grid. 2 On some instruments this is replaced with 
a calendrical scales. 


1 Anthiaume & Sottas, “Quadrans novus”; Poulle, “Quadrans novus”; and Dekker, “Quadrans novus”. On 
Profatius see the article “Ibn Tibbon, Jacob ben Machir” by Juan Vernet in DSB. 

2 This is a real pain. A. J. Turner ( Rockford TM Catalogue, p. 203), wrote: “The obvious practical 
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Fig. 7b: The universal horary quadrant on the back of a 14 th -century English astrolabe (#296). On the shadow 
scales see further App. B. [Courtesy of the Museum of History of Science, Oxford.] 


The surviving medieval quadrantes novi are nine in number and several have been studied. 3 


disadvantages of this in everyday life sufficiently account for its disappearance.” Elly Dekker (“ Quadrans novus ”, 
p. 6) observed that: “ ... it is rather complicated, although not impossible, to use the quadrans novus when a 
more precise determination of time is demanded than that obtainable with the “universal” hour lines of the 
quadrans vetusT Dekker goes on to laud the “combination of various elements leading to a completely new 
multipurpose instrument” with which “all sorts of problems in spherical astronomy and astrology can be solved”. 
(Poulle, “ Quadrans novus ”, p. 203, had listed 28 such problems.) But without a convenient means of deriving 
the time accurately, the instrument is fundamentally flawed. No previous authors have addressed the combination 
and superposing of approximate and accurate markings on a single instrument. 

3 The reader should be aware that the new study of Elly Dekker, which I label “ Quadrans novus ”, is a detailed 
description of one piece (#5509 below), with comparative materials drawn from the other instruments. Whilst 
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The main markings of the quadrans novus sit unhappily on the back of a medieval English 
astrolabe, * * * 4 for they contribute nothing that is not already on the front of the astrolabe, except, 
of course, the universal horary markings. A German translation of the quadrans novus text 
was prepared in the mid 15 th century, and several later (Renaissance) instruments of German 
and also Italian provenance survive. 5 

The quadrans novus , a universal instrument, has been confused in the modem literature with 
the astrolabic quadrant, a latitude-specific instmment of different provenance and with a 
different function. 6 The astrolabic quadrant, a simplified version of the astrolabe for a specific 
latitude, was an Islamic invention that was already well known in Egypt in the 12 th century 
(see 11). I myself have claimed that the quadrans novus was unknown in the Islamic world 
(before and after Profatius): 7 now I would prefer to be quoted as claiming that although all 
of the components were known in 9 th - or 10 th -century Baghdad, it seems to have been Profatius 
who combined them in a way which was not known in the Islamic world. In fact, the astrolabic 
quadrant was known in medieval Europe after all: all the elements of the front of the quadrans 
novus , and a few more, including a universal horary dial, occur separately on a Renaissance 
European instrument in the medieval tradition (English with German influence?) preserved in 
Oxford (#8501). 8 On this piece, signed by Roger Brechte in 1527, the ecliptic markings are 


some of these are still “unpublished”, considerable information of them can be picked up from Dekker’s tables 
of star-names, calendrical information, etc. The extant pieces are: 

#5506 = #2110—undated—Oxford, Merton College—see Gunther, Science in Oxford , II, pp. 164-169; North, 
Richard of Wallingford , III, p. 134; and Dekker, “ Quadrans novus ”, p. 20, etc. 

#5507—undated—Washington, National Museum of American History, inv. no. 326975—see Dekker, 
“ Quadrans novus ”, pp. 16-17, etc. 

#5508—undated—present location unknown—described by D. A. King and Elly Dekker in Christie’s London 
02.03.1995 Catalogue , p. 35 (lot 198). 

#5509—undated—private collection—published in detail in Dekker, “ Quadrans novus”. 

#5511—undated, French—Rouen, Musee des Antiquites de la Seine Maritime, inv. no. 919—published in 
Anthiaume & Sottas, “ Quadrans novus” ; see also Dekker, “ Quadrans novus ”, pp. 18-19, etc. 

#5512 = #2111—undated, datable to 1415, French—Angers, Musee de Saint-Jean, inv. no. MA GF39— 
unpublished, see Dekker, “ Quadrans novus ”, p. 22, etc. 

#5514—undated—Luneburg, Museum fur das Fiirstentum Luneburg, inv. 122—see Dekker, “ Quadrans 
novus ”, p. 21, etc. 

4 #5513 = #2006—undated, English—Washington, D.C., National Museum of American History, inv. no. 
318198—see Washington NMAH Catalogue , figs. 16 (p. 14), 20 (p. 23), and 28 (p. 46), and pp. 45-47 and 153- 
154 (no. 2006). 

5 A list is in Dekker, “ Quadrans novus ”, p. 6, n. 8. 

6 The process apparently began in 1957, when Francis Maddison ( Oxford MHS Billmeir Supplement 
Catalogue , p. 45) wrote: “The typical Islamic quadrant is engraved on one side as a (trigonometric quadrant), 
and on the other as a Prophatius astrolabe-quadrant”. This was repeated over several decades in catalogues of 
Christie’s and Sotheby’s. In the Rocltford TM Catalogue , 1:1, pp. 202-206, the error is repeated by Anthony 
Turner, but now with a diagram confusing the two different sets of markings still further: fig. 167 on p. 203 
shows altitude circles on a “Prophatius quadrant”. Perhaps the remarks in King, “Cataloguing Islamic 
Instruments”, col. 255, will put an end to this confusion. 

7 King, “Astronomical Instruments between East and West ”, p. 165. 

8 #8501—Museum of the History of Science, Oxford (formerly St. John’s College, Oxford), inv. no. 26323— 
see Gunther, Early Science in Oxford , II, pp. 135-140 (no. 56), and XIIb-11. This very medieval-looking 
instrument bears the name Roger Brechte and the date 1537, both contemporaneous with the other markings 
on the piece. 
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Fig. 8a: A quadrans novus from the 14 th century (#5506). The northern and southern branches of the astrolabic 
ecliptic scale meet at the vertical radius, the branches of the astrolabic horizons (for four latitudes) meet at the 
horizontal radius. The latitudes are ca. 44°, 52°, 54°, and 66 1 /°, the first probably for Montpellier, a gentle reminder 
of the inventor Profatius, and the last serving celestial coordinate conversion. The middle two confirm that this is an 
instrument made for use in England. [From G. Turner, ed., Stmmenti, p. 71; object in Merton College, Oxford.] 


combined with altitude circles for each 15° for a latitude of ca. 50° (see further XIIb-11). So 
at least one medieval European astronomer preferred not to combine the traditional markings 
of a quadrans novus. The inspiration for his instrument remains a mystery. 

I have previously argued that the representation of the entire ecliptic as two arcs within a 
quadrant, such as is found on the quadrans novus of Profatius ca. 1290 and also as item (3) 
on the Brechte plate, is a European innovation. But it appeared on the astrolabic quadrant 
already in 12 th -century Egypt, 9 and furthermore the astrolabe with a crescent-shaped ecliptic 
(of which the markings on these quadrants constitutes one-half) was described by al-Sijz! in 
the late 10 th century, and hence also by the major Muslim specialists on instruments, such as 
al-Blrunl, al-Marrakushl and Najm al-Dln al-Misrl. 10 


9 See n. 11:1 below. 

10 Charette, Mamluk Instrumentation, II-2.3.3-4. 
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A medieval Hebrew text has been identified describing an instrument that is an intermediary 
between the astrolabe and the quadrans novus. On the front of an astrolabic plate we find here 
the stereographic projections of the three base circles, the ecliptic and some stars, as well as 
a series of horizons for different latitudes . n The same instrument without the horizons was 
actually made in 733 H [= 1332/33] by Ibn al-Shatir, chief astronomer at the Umayyad Mosque 
in Damascus, who said he invented it. 12 

9 Universal horary markings on astrolabes and their use 

These horary markings were added to the back of the astrolabe to afford a quick means for 
finding the time of day for any latitude: if one wants to do this accurately one should use the 
appropriate plate on the front of the instrument (to find the time in equinoctial or seasonal 
hours), or construct an horary quadrant for a specific latitude (for one or other kind of hours). * 1 
If a universal horary quadrant was not included on a serious astrolabe, it might well be that 
the engraver preferred an alternative, which would often reflect a regional interest (other 
varieties of trigonometric quadrant, latitude-specific horary quadrants, a universal stereographic 
projection, solar and calendrical scales, lists of saints’ days, astrological scales, graphs showing 
the solar altitude in the qibla of different cities throughout the year, etc.). The universal horary 
quadrant had little priority on astrolabes because it served only as an alternative additional 
means of rendering the instrument universal. 2 

A uniform sexagesimal scale on the alidade of the astrolabe could replace the thread and 
bead of the quadrant, but since there is no need to measure anything on the scale, a plain alidade 
could suffice, with a small blob of some adhesive substance to mark the equivalent of the bead 
on the thread. Whereas in Arabic treatises on instruments authors tended to write simply ‘allim 
c alama , “make a mark”, European authors, if not already some Muslim authors, were more 
specific when describing the operation of the universal horary quadrant on the back of an 
astrolabe, proposing marks with ink or wax. 

This tradition seems to be first attested in the treatise on the use of the astrolabe by 
Philoponos. 2a When describing the way to measure the altitude of the sun with the alidade, 
he writes (Gunther’s version): 

“ ... it is necessary to mark with ink or something of the sort the line on which the index 
of the rule fell and to measure how great it is ... ”. 


11 Goldstein, “Astronomical Instruments in Hebrew”, pp. 121-123. 

12 On Ibn al-Shatir see the article in DSB. On this instrument of his (#142—Paris, Bibliotheque nationale 
de France, Departement des cartes et plans; and #1131—Cairo, Museum of Islamic Art) see ibid., p. 361b, and 
Mayer, Islamic Astrolabists , pp. 40-41. The unusual markings on the back are illustrated in King, “Mamluk 
Universal Solutions”, p. 165, and Fig. VIb-8.2 (inappropriately described as a “trigonometric grid”). 

1 On several latitude-specific horary quadrants—instruments and descriptions in texts—see the preliminary 
study of Merce Viladrich mentioned in n. 1:11, and the more detailed information in Charette, Mamluk 
Instrumentation, pp. 116-139. 

2 On the “universality” of the astrolabe see n. 1:6. 

2a Gunther, Astrolabes of the World, I, p. 67. 
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Then, to mark the position of the sun on the ecliptic scale on the rete, he writes: 

“It is necessary then to mark with ink or wax, or something of the sort, the twentieth 
degree of Aris upon the zodiac of the Arachne ... ”, 
and to mark the altitude circle on the plate: 

“then it is necessary to mark this circle with ink with numerous dots along nearly all the 
line. ... ” 

He advocates such markings elsewhere in his treatise, and one might even expect him to instruct 
the user to clean the astrolabe once he has finished using it. 

Thus, for example, in the popular Latin astrolabe treatise attributed to Messahalla—but 
actually based on the Arabic of Maslama al-Majrltl (ca. 1000)—we read (Gunther’s transla¬ 
tion): 3 

Super altitudinem solis meridianam in ilia die pone allidadam; et nota ubi meridianus 
circulus, id est, linea finis .6. hore, secuerit lineam fiducie ipsius allidade; et pone 
ibi signum de incausto; et illud signum valet situationem margaritae in quadrante; 
deinde accipe altitudinem solis in quacunque hora vis, et illud signum inter boras dabit 
horam naturalem, ut in quadrante. II Set the alidade to the meridian altitude of the 
sun on the day; and note where the meridian circle, i.e. the sixth hour line, cuts the 
line of trust (leg: fiducial edge) of the alidade; place thereon a mark of ink; and that 
mark will be the place of the bead on the quadrant. Then take the sun’s altitude at 
any hour you please, and the mark between the hours will give the natural (i.e. 
seasonal) hour, as on a quadrant. 

Gunther notes that according to the Italian translation (date?) one should mark “ un segno non 
apparente”. Likewise, Jean Fusoris, writing in Paris ca. 1400, advocated the following: 4 

... mectez l ’alidade sur la haulteur de midi et puis signez d’encre, de cire ou autrement 

le lieu ou ladicte alidade trenche le cercle de midi . et adoncques le signe d’encre 

dessusdit vous monstrera les heures inesgalles ... II... place the alidade on the midday 
altitude and then mark in ink or wax or otherwise the place where the alidade crosses 

the midday circle.Then the ink mark will show you the unequal hours .... 

Again, Johannes Stoffler, in the early 16 th century, wrote: 5 

... illic fac notam cum cera aut atramento, aut cum cursore, si alhidada eundem 
haberet. II ... make a mark there with wax or ink, or with the cursor, if the alidade 
has one. 

Stoffler adds that the marker will serve for 2 or 3 days before it needs to be moved or remade. 
An English astrolabe treatise partly based on Stoffler, The Travailer’s Ioy and Felicitie by 
Robert Tanner, “Gent, practitioner in Astrologie & Phisick”, published in London in 1587, says 
the same: 6 


3 Gunther, Science in Oxford, V, pp. 221 and 174. 

4 Poulle, Fusoris, p. 116. 

5 Ioannis Stoflerinus, Elucidatio fabricae vsvsqve astrolabii, Oppenheim, 1524, p. 28r. This reference was 
kindly provided by Reinhard Glasemann of Frankfurt in my instrument seminar ca. 1982. 

6 From the facsimile in Gunther, Astrolabes, II, p. 511 (facsimile of fols. 13v-14r of the original). 
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By thys manner you shall finde out the unequall howres, in the backe of the Astrolab. 
The little bowes of the howres unequall, are framed in the backe, over the Lather [i.e. 
ladder] of measure of height. Therefore learne the Meridian height of the Sunne, to 
the day propounded, which being founde, in the touching of the lyne of the 6. howre 
sette a marke on the Index, and you shall keepe thys marke two or three daies if you 
please, because in that while, it will not be greatly altered. Last of all, the sun shyning, 
take the height of it before or after noone, and the mark of y(ou)r Index spoken of 
the same height standing still, doth shewe the unequall howre to thee, concerning the 
dominion of the Planets in unequall howres. I let it passe, because the matter is 
commonly known every where. 

In most modem accounts of the astrolabe these subtleties are overlooked, 7 which accounts for 
part of the confusion now associated with the use and the scope of the markings. On the 
astrological associations of the seasonal hours see further 13. 


10 Universal horary quadrants on Islamic astrolabes 

Universal horary markings alone, usually in type l, * 1 less frequently in type 2, and very 
occasionally in type 3, 2 were very occasionally added to the backs of Islamic astrolabes from 
the 10 th century onwards, if not already in the 9 th . (From now on, we shall concentrate on those 
of type 1: the development of the others belongs more to the history of the sine quadrant. 3 ) 
Thus an astrolabe made in Baghdad in the year 343 Hijra [= 954/55] (#100) bears a universal 
horary quadrant in the lower right, appropriately labelled afaqiyya, “universal”; an horary 
quadrant for Baghdad in the upper left, labelled lizard lam-jim, “for latitude 33°”; and a sine 
quadrant with markings of type 3 supplemented by a set of quarter-circles (Fig. 10a). 4 Universal 
horary markings feature on various Islamic instruments until ca. 1900, but one can be more 
specific. 

On early Eastern Islamic astrolabes universal horary markings are rare. On early Western 
Islamic astrolabes (to 1100) they do not occur. We find them on some later Andalusi, Maghribi, 
Mamluk and Iranian astrolabes. When they occur on Islamic astrolabes, it is usually in 


7 One exception is Garcia Franco, Astrolabios en Espaha, pp. 218-221, esp. p. 219, where the application 
of ink to mark the meridian position on the alidade is mentioned. The procedure is also correctly outlined in 
Saunders, All the Astrolabes, pp. 22-23, where it is stated that the intersection of the alidade with the midday 
curve is to be “noted on the graduations of the alidade scale”, which graduations are “of no intrinsic significance”, 
serving only to “identify (the required) point”. If, of course, there are no graduations, one has to mark the point 
some other way. 

1 One could argue that the markings of type 1 were favoured because they might have been considered more 
aesthetically pleasing than the other two types; another reason they were favoured was surely the fact that they 
are visually closer to a set of horary markings for a specific latitude than any family of straight lines. 

2 An astrolabe (#4054) by al-Khama 5 irl of Seville dated 619 H [= 1223/24] has markings of types 2 and 

3 combined for each 15°. See Linton Collection Catalogue, pp. 171-173 (no. 221), and also n. 15:2 below. 

3 This is in dire need of being rewritten. See n. 6:6. 

4 #100—stolen from the Museo Nazionale in Palermo some 50 years ago—published in Mortillaro, 

“Astrolabio arabo”; see also King, Mecca-Centred World-Maps, p. 356, and now XIIIc-8.1. 
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Fig. 11a: Universal horary markings included on a 
standard Islamic astrolabic quadrant from the Maghrib 
datable ca. 1500, here serving latitude 34°, that is, 
Meknes (#5027). [Photo courtesy of Christie’s, Lon¬ 
don. 


Fig. 10a: The back of an astrolabe made by Hamid ibn c All al-Wasitl in 343 Hijra [= 954/55] (#100). The horary 
quadrant in the upper left serves latitude 33°, that is, Baghdad. Note that the scales on the shadow square together 
with the universal horary markings have not been completed: they are partly rendered superfluous by the shadow 
scale on the lower right rim. The alidade is unfortunately missing, but so is the instrument. [From Mortillaro, 
“Astrolabio arabo”.] 


conjunction with some other variety of trigonometric quadrant. On some late Islamic 
instruments (including not a few fakes and decorative pieces), all constructed long after the 
underlying mathematics had been forgotten, there was a tendency to render the horary markings 
incorrectly by inversion, rotation or some other distortion. See Fig. XI-11.3e-f. 


11 Universal horary quadrants on Islamic astrolabic quadrants 

Universal horary curves are mentioned, along with various other additional scales and 
markings, in the earliest known treatise on the astrolabic quadrant for a specific latitude, 
compiled in Cairo in the early 12 th century: see Fig. X-6.4.4, 1 Whilst they are only occasionally 


1 Extant in MS Istanbul (Suleymaniye) Haci Mahmud Efendi 5713, fols. 10v-25v, esp. fols. 12r-v. The date 
of copying of this manuscript (fol. 34v) is only partially legible: it reads Wednesday, Ramadan 1, 5?? Hijra, 
which might be 530 H [= 1135/36], although one would never derive this from the Arabic (sanat l-'-h or 
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found on 14 th -century Mamluk astrolabic quadrants in a minuscule form added near the centre 
of the main latitude-specific markings, they became a common feature in this form on Ottoman 
instruments of this kind up to 1900. See Fig. 11a for a 15 th -century example from Tunis. 2 On 
some astrolabic quadrants the markings are even smaller relative to the main astrolabic 
markings. It is clear that they then become too small for sensible use, but their theoretical 
purpose remains unchallenged: to provide a quick solution for all latitudes to supplement the 
exact solution provided for a specific latitude by the main markings. 


12 Universal horary quadrants on European astrolabes 

The markings of type 1 sometimes appear on European astrolabes, at least from the 14 th century 
onwards, and further research would be necessary to investigate whether European astronomers 
realised that the markings were approximate and/or did not work so well for northern latitudes. 

On the earliest European astrolabes the markings do not occur. The universal horary markings 
appear on Catalan, French, Italian and German astrolabes in the 14 th century, being standard 
on the Fusoris instruments in Paris ca. 1400, but not on astrolabes from 15 lh -century Vienna, 
for there a whole new set of appendages was available. They are not generally found on 
medieval English astrolabes (where tables of saints’ days in the Chaucer tradition were 
sometimes preferred), but they do feature on contemporaneous English naviculas (inevitably 
together with the shadow square). 1 They feature very frequently on 16 th -century German 
astrolabes (especially Hartmann and Praetorius), but rarely on 16 th -century Louvain or 
Elizabethan English astrolabes. 

Already in the 14 th century, if not before, we find the markings doubled to serve all the hours 
of daylight: see Fig. 12a. 2 The construction of a double set reduces for hours 1-5 to joining 
triads of points with circular arcs and presents a pleasing aspect, not least because the now 
full circle for the 6th hour can be used to accommodate an inscription or whatever: see Fig. 
12b. 3 Rarely, however, does one find an intelligent use of the universal markings next to a 
set of latitude-specific markings: see Fig. 12d. 4 


l-w kh-m-s-t-m-’-y-h), such mixed forms of writing numbers being highly unusual. The author, Abu T-Hasan 
c All ibn Muhammad known as Ibn al-Hammaml, makes no claim to have invented the instrument. The treatise 
precedes by 200 years the earliest surviving examples, on which the best studies are Morley, “Arabic Quadrant”, 
and Dorn, “Drei arabische Instrumente”, pp. 16-26. 

2 #5021—signed by Ahmad ibn c Abd al-Rahman al-Dahmanl and dated 854 H [= 1450/51]—Madrid, Museo 
Arqueologico Nacional, inv. no. 50856, electrotype copy in the Science Museum, London, inv. no. 1877-5— 
see Mayer, Islamic Astrolabists , p. 34, and the bibliography there cited. 

1 XIIb-9a-c. 

2 #193—Chicago, Adler Planetarium, inv. no. W-264—see Chicago AP Catalogue , I, pp. 46-48 (no. 3). 

3 The illustration of Apian is found in Gunther, Astrolabes , II, p. 453, and Rottel, ed., Peter Apian , p. 141. 
For other examples see ibid. (* indicates facing page), pp. 325, 331, 335, 425*, 429*, 432, 436*, 437*, 438*, 
443*, 460* and 503. See also Rockford TM Catalogue , p. 5, for an illustration of “un soleil ridicule” inside 
a double horary quadrant in the treatise of Jacques Focard, Lyons, 1555. 

4 #337—Greenwich, National Maritime Museum, inv. no. A34/36-28C—the first description is to appear 
in Greenwich Astrolabe Catalogue. 
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PRIM A PAHS COSMO- 

INSTRVM ENT V M THE OR I CAE SOLIS 

A V X SOLIS. 


Fig. 12c: Here the sun and its dependents are illustrated 
within the solar and calendrical scale but without the horary 
quadrant. Compare Fig. 12b. [From Apian, Cosmographia, 
ca. 1550; see also Rottel, ed., Peter Apian, pp. 140-141.] 


Fig. 12a: The universal horary markings on a typical 
astrolabe (#193) of the atelier of Jean Fusoris in Paris 
ca. 1400. On instrument-making in medieval Northern 
France see King, Ciphers of the Monks, pp. 391-419. It 
seems that the Europeans in the Middle Ages had know 
idea why these markings worked, or, to put it another 
way, they had know idea that these markings did not 
work at all well in Northern Europe. [Courtesy of the 
late Roderick Webster, Adler Planetarium, Chicago.] 


Fig. 12b: Above the universal horary markings on this 
astrolabe illustrated by Peter Apian we find the image 
of a king representing the sun. In his hand, he holds a 
set of six labelled asterisms for the moon and five naked- 
eye planets. (In other such images, he is depicted in 
full with one foot on a large feline representing Leo, 
the domicile of the sun—see Fig. 12c) It was no doubt 
through such illustrations that the notion “planetary 
hours” became engrained in the Renaissance mind, a 
far notion from the original function of the horary 
markings in 9 th -century Baghdad. But this was not the 
end of the road: alas, I could not lay hands on an 
illustration that I once found in a printed astrolabe text 
in which the sun becomes a woman with a Struwwel- 
peter-type mop of hair, wearing a very feminine dress, 
and brandishing a bunch of unlabelled party balloons. 
[From Apian, Cosmographia, 1574 edn., p. 9.] 





























ON THE UNIVERSAL HORARY QUADRANT 


235 




Fig. 12e: The circle for midday on these quadrants on the back 
of this 15 th -century quatrefoil astrolabe (#3000) is incorrectly 
drawn. Also, on the left hand side, the maker has inserted 
some curious markings which appear to have no astronomical 
significance. Photographs of the backs of astrolabes often 
have the alidade covering the most interesting markings; the 
alidade should be photographed alongside the back, not on 
it. [Courtesy of the Historisches Museum, Basle.] 


Fig. 12d: A sensible use of the universal markings, together with a set of horary markings for an unspecified 
latitude, found on what has been thought to be an English astrolabe, but which is clearly in the French tradition 
(#337). The latter serve a latitude of ca. 48°, and help locate the maker in Northern France. The mater and a single 
plate serve [50°], 51;34° [London], and 52° [Oxford, etc.\. On latitudes used in astronomical instrumentation in 
medieval England, see XIIb-9e. [Courtesy of the National Maritime Museum, Greenwich.] 


Virtually all of the universal horary markings on European astrolabes and quadrants are 
properly drawn. In a 15 th -century Latin manuscript from Spain, however, we find a carelessly- 
drawn diagram of two universal horary quadrants. 5 And on a 15 th -century astrolabe of uncertain 
provenance we find the markings on a double universal horary quadrant has come unstuck: 
see Fig. 12e. 6 


13 Universal horary markings on European quadrants 

The European tradition of the quadrans vetus begins in the 12 th and 13 th centuries, and that 
of the quadrans novus towards the end of the 13th. There was also a tradition of universal 
horary quadrants without a complete solar scale. A single example is a wooden quadrant, 


5 Villena, Astrologia, fig. 15 on p. 169. On fig. 14 on p. 168 there is a better diagram of two sets of universal 
horary markings of type 2. 

6 #3000—Basle, Historisches Museum, inv. no. ?—unpublished. 
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probably Italian and perhaps from the 15 th century, with an unsuccessful attempt at placing 
some sort of solar markings on one of the radii: see Fig. 7c. 1 

The influence of the quadrans vetus markings on three 14 th -century English latitude-specific 
horary quadrants (all for latitude ca. 52°) is clearly visible. 2 The quadrants are each marked 
for the equinoctial hours, but midday is represented by a complete semi-circle, and on one piece 
there is even a superposed shadow square. The horary markings are all arcs of circles. Originally 
there was no solar scale, simply quarter-circles for the equinoxes and solstices. On one piece 
the English instrument-maker Charles Whitwell added ca. 1595 a non-uniform solar scale and 
more quarter-circles for each 10° of solar longitude. 3 See further 14. 

In the Portuguese astrological and navigational manual Reportorio dos tempos by the German 
scholar-printer Valentim Fernandez (1563) a small universal horary quadrant with (distorted?) 
shadow square is illustrated inside the main radial markings of a seaman’s altitude quadrant. 4 
Fernandez’ source was a Castilian treatise published in Seville in 1495.1 do not know whether 
this form of the altitude quadrant became popular amongst navigators. 

On 16 th -century English (Elizabethan) instruments the markings are labelled “ horae 
planetarum ” or “the ours of planet9'\ referring to a Hellenistic association of the seasonal hours 
with the planets (a far cry from the purpose of the Baghdad treatise), revived in the Middle 
Ages, notably by Geoffrey Chaucer, who was surely familiar with the tables of the planets 
associated with the hours in contemporaneous astronomical tables, such as those of Nicholas 
of Lynn. 5 See Fig. 13a for a table published by Peter Apian. 

On some late European universal horary quadrants the outer parts of the markings are 
suppressed, because the sun never reaches them. 6 On others they are curved in a decorative 
fashion at the ends: see Fig. 13b. 7 

These instruments and their horary markings confirm Emmanuel Poulle’s recent demonstra¬ 
tion that the seasonal hours had an afterlife in Europe long after the introduction of mechanical 
clocks. 8 


1 #5501—Milan, until recently in a private collection in Milan, present location unknown—unpublished. 

2 #5521—dated 1398—Dorchester, Dorchester Museum, inv. no. ?—see London BM Catalogue , pp. 55-56 
ad no. 146, and pis. XVIIb and XVIIIb. 

#5522—dated 1399—London BM, inv. no. 60 5-19 1—see ibid., pp. 55-56 (no. 146) and pis. XVIIa and 
XVilla, and the next note. 

#5523—undated, early 15th century (?)—London BM, inv. no. 56 6-27 155—see ibid., p. 56 (no. 147). 

These three pieces are now studied in Ackermann & Cherry, “Three Medieval English Quadrants”. 

3 On these markings on #5522 see G. Turner, “Whitwell’s Addition to a 14th-Century Quadrant”, and idem, 
Elizabethan Instrument Makers, no. 44 at pp. 190-191. This should lay to rest the suspicion voiced by Derek 
Price that the English quadrants were fakes (Price, “Instruments in the British Museum”, p. 131). 

4 Waters, “Renaissance Navigation”, fig. 3 on p. 8, and the text on p. 9. 

5 See ibid., pp. 83, 97-98, 100, 130-131, 133, 160 and 163, and also Eisner, ed., Kalendarium of Nicholas 
of Lynn, pp. 176-177 and the commentary on pp. 17-18; North, Chaucer’s Universe, pp. 77-79; and Stoffler, 
Elucidatio, p. 43v. On the medieval association of the hours with the planets see also Gunther, Science in Oxford, 
V, pp. 50-51; Ginzel, Handbuch der Chronologie, III, p. 97; K. & S. Maurice, “Counting the Hours”, p. 147; 
and Gouk, Ivory Sundials of Nuremberg, p. 19. 

6 This explains the remark of G. Turner (ibid., p. 98) concerning an Elizabethan instrument: “small horary 
quadrant, seemingly for unequal hours but terminated too soon”. 

7 For another example see van Cittert, Utrecht Astrolabes, pi. XVIII, reproduced in Viladrich, “Horary 
Quadrants”, pi. V on p. 345. 

8 Poulle, “Heures inegales”. 
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Fig. 13a: Apian’s table for the planets associated with the 
seasonal hours of day and night. [From his Instrument Buck 
(1533). See also Rottel, ed., Peter Apian, pp. 91-92.] 



specific latitude (or rather, a small range of lati¬ 
tudes) proposed by Peter Apian. Note the decora¬ 
tive ends on the universal horary curves in regions 
outside the solar range. [From his Instrument Buck 
(1533). See also Rottel, ed., Peter Apian, pp. 91- 
92.] 


14 On the provision of a latitude-dependent solar scale 

On some European astrolabes from the 15 th (?) century onwards, the universal horary markings 
are forcibly restricted to a single latitude by inserting a latitude-dependent solar scale either 
on one or both of the radii of the quadrant or on an alidade, as well as corresponding quarter- 
circles for, say, the equinoxes and each solstice. 1 Two examples must suffice: an illustration 
by Stoffler (Fig. 14a) and a 16 th -century Italian astrolabe (Fig. 14b). 2 Whilst this to some extent 
violates the spirit of the instrument, 3 as well as compromising the aesthetic consideration that 


1 General discussions of such scales are in Michel, Traite de l’astrolabe, pp. 82-85, and Fantoni, Orologi 
solari, pp. 357-370. For a discussion relevant to Islamic horary quadrants see now Charette, Mamluk 
Instrumentation, pp. 118-124. 

2 #4570—Oxford, Museum of History of Science, inv. no. 26—unpublished, not listed in Price et al.. 
Astrolabe Checklist.] 

3 Henri Michel ( Traite de Vastrolabe, pp. 81-85) could not resist forcing a solar scale on the markings. John 
North appears to see this as the only salvation of the horary markings. In his otherwise splendid 1974 paper 
on the astrolabe, in the diagram of the back of a “standard” astrolabe, he mistakenly inserted a solar scale on 
the alidade (North, “Astrolabe”, p. 105, with the following—now appropriate—remark in the caption: “these 
lines are to be used in conjunction with the graduations on the alidade”). In his study “Hour-Line Ritual”, North 
took this misconception to its logical conclusion. His firm belief that the universal horary quadrant without a 
solar scale is non-functional is questioned already in McCluskey, Medieval Astronomy, p. 174, n. 27: “I find 
(North’s) scepticism overdrawn, since these curves could have been used without such graduations by marking 
the noontime height of the Sun.” 

Similarly, Harold Saunders ( All the Astrolabes, pp. 20-27) could not rest without the solar scale. Indeed, his 
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PRIM A PARS" 




Fig. 14b: On this Italian astrolabe made in 1558 
(#4570) the double universal quadrant has been pro¬ 
vided with a radial solar scale on the alidade and 
circular arcs for the solar declination on the quadrants 
themselves. The underlying latitude is ca. 45°. The 
markings are completely superfluous because the (one 
and only ?) plate inside the astrolabe is for 44;30°. 
[Courtesy of the Museum of History of Science, 
Oxford.] 


Fig. 14a: Johannes Stoffler in 1524 presented this unhappy combination of approximate and exact markings, 
as if one should use the full approximate universal markings with the solar scale to find the time in seasonal 
hours for the latitude (49°) underlying the solar scale, and the shortened horary markings to find the time in 
equinoctial hours. The two sets of markings should not be superposed. [From Ioannis Stoflerinus, Elucidatio 
fabricae vsvsqve astrolabii , Oppenheim, 1524, p. 27v.] 


perhaps one should not combine universal and latitude-specific solutions directly, the horary 
markings themselves can still be used universally without the solar scale. But the inclusion 
of a solar scale cannot overcome the approximate nature of the solution provided by the basic 
markings. The same kind of additional solar scale occurs on some late Iranian astrolabes, 
possibly as a result of (rather misguided) European influence, * * * 4 possibly the result of renewed 
independent interest in quadrants amongst Iranian astronomers. 5 One reason for not putting 


fig. 25 on p. 26, which shows the (approximate) universal horary markings for the seasonal hours with a latitude- 

specific solar scale superposed, as well as a set of (exact) latitude-specific horary curves, supposedly for 
conversion of one kind of hours to the other, is labelled: “The confusion resolved.” In fairness to Saunders, 
it should be noted that. Stoffler 450 years before him published a diagram of precisely the same kind—see Fig. 

14a—and for the same purpose, but also Stoffler seems to have been unaware that the universal horary markings 
were based on an approximate formula. 

4 On other kinds of European influence on Iranian instruments see King, Mecca-Centred World-Maps , pp. 
275-328. Yet maybe the markings are not European-inspired, but rather were conceived as a result of the 
rediscovery of the Baghdad treatise in Meshed ca. 1800 (see nn. 2:1 and 5:3). 

5 The time was ripe, and it was not too late. Iranian astronomers over the centuries had not appreciated the 
quadrant as had their counterparts elsewhere in the Islamic world. Apart from quadrants on astrolabes, only one 
instrument in the form of a quadrant survives from Iran: this is an horary quadrant for latitude 36° and dates 
from ca. 1285 (not from the 10th century as I have claimed elsewhere)—see my article “Rub c ” [= quadrant] 
in EI V VIII, p. 574b and pi. XXXII, idem , “Cataloguing Islamic Instruments”, col. 255, and now XIIIc-13. 
Furthermore, only two treatises on the quadrant survive in Persian, compared with dozens in Arabic: see Cairo 
ENL Survey , p. 166 (no. G120), and King, “al-Khwarizml”, pi. 9 on p. 28. 
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the solar scale on the alidade itself was to leave space for a sexagesimal scale to serve other 
trigonometric quadrants or to include a universal sundial on the alidade (see App. C). For 
astrolabes made for Northern Europe, it was better to insert one or two latitude-specific horary 
quadrants, 6 but the universal markings were generally preferred on astrolabes even in Northern 
climes simply because they were universal. 7 

15 Concluding remarks 

We have shown how the origin of the quadrans vetus is to be found in 9 th -century Baghdad. 
We have to some extent been able to document the fate and fortunes of the universal horary 
quadrant in later centuries. (I see that I have not mentioned Sacrobosco, but Delambre, quoted 
at the beginning of this paper, said enough.) And we have shown that the markings have a 
rightful place on the back of the astrolabe, for on most astrolabes, Islamic and European, the 
universal horary markings are correctly rendered and serve beautifully the purpose for which 
they were originally intended (even though the error in Northern Europe might reach 20 
minutes). Their inclusion on some groups of astrolabes became something of a ritual, but on 
serious instruments, of which we have plenty, it was never an “empty ritual” for those who 
knew how to use them. * 1 It was, however, as I have shown, to some extent a ritual limited both 
in time and place. 2 Whether they were ever used for the purpose our Baghdad astronomer 
intended is another matter, but there was certainly no reason why they should not have been. 


6 Viladrich (see nn. 1:11 and 9:1) also deals with some late European horary quadrants. 

7 Note the inclusion of universal markings even on Dutch latitude-specific horary quadrants from the 17th 
century (see Viladrich, “Horary Quadrant”, pp. 318-323). Ernst Zinner (“Wissenschaftliche Instrumente”, p. 69) 
records that universal horary quadrants in wood (he calls them quadrantes vetustissimi ) were still being made 
in Sweden in the 18th century; one wonders whether they were ever used there by anybody sober. 

1 North, “Hour-Line Ritual”, found at most 6 out of some 40 astrolabes with universal horary markings (out 
of a total of some 130 which were available to him in Oxford) to have “proper” markings of this kind, where 
“proper” refers to a latitude-specific solar scale, and only one of these he found to be properly executed. 

1 would maintain that, apart from those which are incompetently made, all of the universal horary markings 
examined by North are perfectly functional with an unmarked alidade. Future students in the Oxford Master’s 
program in the History of Science should be encouraged to check this by using a small piece of chewing-gum 
on the alidade of any astrolabe with such markings. Alas they will not be able to take the instruments to Santiago 
de Compostella or Jerusalem, for there they would find that the markings work even better than in Oxford. 

2 I have examined several hundred Islamic astrolabes and quadrants and over one hundred European ones 
from before 1500. These are but a small fraction of those actually made, but a very large fraction of those known. 
I have summarised my findings in the text of this paper. In any more detailed investigation, care must be taken 
to distinguish between different layers of markings, as the following two examples show. 

On the back of the Oxford astrolabe by the brothers Ahmad and Muhammad sons of Ibrahim al-Isfahanl dated 
374 Hijra [= 984/85], (#3—Oxford, Museum of the History of Science, inv. no. ICC 3—see Gunther, Astrolabes , 
I, pp. 114-116 (no. 3), and now XIIIc-10), there is an original inscription al-sa c at al-zamaniyya li-kull c ard, 
“(for finding) the seasonal hours for all latitudes”, written vertically to the right of the sine quadrant in the upper 
left quadrant of the back. It is not clear to me from photographs whether any original markings of type 1 in 
the upper right quadrant have been eradicated to make room for the later layer of astrological information which 
now covers each of the other three quadrants, or whether this inscription refers only to the sine quadrant in 
the upper left. See further XI-9.3. Likewise, the universal horary markings do not occur on the original astrolabes 
of al-Khamahrl (Seville ca. 1200). One astrolabe by him, (#1148—dated 628 H [= 1230/31]—Cairo, Museum 
of Islamic Art, inv. no. 15371—unpublished), has such markings, but these were added by a European in the 
15th century. Early AndalusI astrolabists preferred a variety of serious trigonometric grids on the backs or on 
the plates of their astrolabes (see nn. 6:2 and 10:2). 
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MS Cairo DM 969,4 (fols. 8v-9v) 

Translation 

Notes: Arabic words in parentheses are the corresponding technical terms in the original. 
English words in parentheses are inserted to ensure the flow of the translation. Text in square 
brackets corresponds to lacunae in the Arabic text. Remarks in curly brackets are my comments. 

A treatise on the use of the quadrant 

A statement concerning the use of the quadrant (rub" al-daira ). These are the ways it can be 
used ( abwabuhu ): 

[1] On its markings (khutuf) and their names. The quadrant is a quarter of a complete circle. 
The first of its markings are the two lines that intersect at the centre, one of which is called 
the east(-west) line (khatt al-mashriq) and the other the meridian line (khatt nihayat al-irtifa). 
In between these two lines around the circumference of the quadrant there are equal divisions 

which make up ninety degrees. {LACUNA}; this is called the cursor (al-majarra, 

sic for al-majra ?) and it is made movable in some quadrants and fixed in others (tumal fi 
ba'diha mutaharrika wa-fi badiha thabita). Below (the cursor) there are six curved lines that 
are segments of circles called the seasonal hours (al-saat al-zamaniyya). On some quadrants 
these markings are made straight and on others (they are made) radii (aqtar) radiating from 
the centre of the quadrant. The use of all of these is the same. 

Then (there is) the shadow square (murabba al-zill), each side of which is divided into twelve 
parts. The side standing on the meridian line is called the horizontal shadow (al-zill al-mabsut), 
and the other the vertical shadow (al-zill al-mankus). On the upper side (ra\s, lit., head) of 
the quadrant there are two parts which stick out (ziyadatani) with two holes {i.e., one each} 
called the sights (daffa). A thread bearing a plummet (shaqul) extends from the centre of the 
quadrant, also bearing a movable bead ( c uqda , lit., knot!) called the marker (al-muri). These 
are the markings on the quadrant, so know this. 

[2] On measuring the altitude at any time you wish. You hold the quadrant in your hand, 
line (it) up with your shoulder, and turn the now vertical quadrant towards the sun. Then you 
keep moving the quadrant up and down until the solar rays pass through the hole on the upper 
sight to (fall on) the hole on the other sight. (Also) the plummet should hang properly ( irsal ) 
on the surface of the quadrant. When the plummet is still, see how many degrees of altitude 
are marked off by the thread, then count from the east-west line to that (point), and the result 
will be the altitude at that time. 

[3] On finding the declination of the sun. If you want to do this, find the day on which 
you want the declination of the sun, whatever month it is in, and place the thread on that day 
of the month. Then look at how many degrees are between the thread and the line (joining 
the centre to) the middle of the cursor, which is the equinox line. The result will be the 
declination of the sun on that day. If your day is between the equinox line and the east-west 
line, then the declination is southerly; if it is between the equinox line and the line of the limit 
of the altitude, then (the declination) is northerly. 

[4 corrupt] On finding the time of day elapsed in seasonal hours, and the (times of) the zuhr 
and the "asr (prayers) at any time (of the year). If you want this, place the thread on your day 
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on the cursor and then move the marker until you place it on the meridian line, which is the 
third line (??). Then if you adjust it, fix the altitude of the sun as (described) previously. Then 
look where the marker has fallen on the hours, and this will be the hours of daylight passed 
if the sun is in the east; if (the sun) is the west, it will be the hours of daylight remaining, 
so you subtract it from twelve and the remainder will be the hours of daylight passed. 

[4b corrupt] Likewise you find the time of the zuhr and the ‘asr by taking the altitude and 
if the marker falls on the meridian line, it will be the beginning of the zuhr. Similarly, if it 
falls on the ‘asr line and the sun is in the west, it will be the beginning of the time of the 
‘asr. 

[4 reconstructed] On finding the time of day elapsed in seasonal hours, and the (times of) 
the zuhr and the ‘asr (prayers) at any time (of the year). If you want this, place the thread 
on your day on the cursor and then move the marker until you place it on the meridian line. 
Then if you adjust it, fix the altitude of the sun as (described) previously. Then look where 
the marker has fallen on the hours, and this will be the hours of daylight passed if the sun 
is in the east; if (the sun) is the west, it will be the hours of daylight remaining, so you subtract 
it from twelve and the remainder will be the hours of daylight passed. 

[4b reconstructed] Likewise you find the time of the zuhr and the ‘asr by (first) taking the 
altitude when the marker falls on the meridian line: this will be the beginning of the zuhr. 
Similarly, if it falls on the ‘asr line, which is the third hour line, and the sun is in the west, 
it will be the beginning of the time of the c asr. 

[5] On finding the horizontal and vertical shadows. If you want this, find the altitude of 
the sun as (described) previously and then look where the thread falls on the horizontal shadow 
(scale) if you want that or on the vertical shadow (scale) (if you want that). The result will 
be the shadow at that time. If you want the horizontal shadow and the thread has fallen on 
the vertical shadow, divide it into one hundred and forty-four and the resulting quotient will 
be the horizontal shadow, so know this. 

[6] On finding the altitude at midday and the altitude at the beginning of the c asr at any 
time of the year. If you want the altitude at the beginning of the zuhr, put the thread on the 
day you want (on the cursor) and the amount of altitude degrees the thread cuts off will be 
the altitude at midday on that day. The altitude at the beginning of the ‘asr (is found as follows). 
You adjust the marker on the meridian as (described) previously, then you place it, that is, 
the marker, on the ‘asr line. Where the thread falls on the altitude (scale) will be the altitude 
of the beginning of the time of the ‘asr. 

[7] On finding the horizontal shadow at the beginning of the times of the zuhr and ‘asr. If 

you want, find the altitude of whichever one of the two you wish as (described) previously, 
and place the thread on the digits (of the shadow scale) and the result will be the shadow at 
that time. If the thread falls on the vertical shadow (scale) at the beginning of the zuhr and 
the ‘asr, . {LACUNA} , so know that. 

[8] On finding (the shadow in) feet if you know (the shadow) in digits and you want to 
convert it to feet. Multiply (the digits) by seven and divide the product by twelve: the quotient 
will be the feet corresponding to those digits. Likewise, if you have (the shadow in) feet and 
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you want to convert it to digits; multiply the feet you have by twelve, divide (the product) 
by seven, and the result will be the digits corresponding to those feet. 

[9] On finding the local latitude. If you come to a locality and you want to know its latitude, 
observe the altitude of the sun when it is at its highest and keep it in mind. Then find the 
declination of the sun as I have told you, and if it is southerly subtract it from the altitude 
of the sun at midday, and if it is northerly add it. The result of addition or subtraction will 
be the altitude of the celestial equator: subtract it from ninety and the remainder will be the 
latitude of that place. Know that the movable cursor is not to be used until it has been placed 
on the equivalent of the local latitude (on the altitude scale). The fixed cursor is set at a 
particular latitude. If you want to know the latitude for which the fixed cursor is set, look at 
the line (from the centre to) the middle of the cursor, which is the line of the equator, (and 
see) where it falls on the altitude (scale). Subtract this from ninety and the remainder will be 
the local latitude for which the fixed cursor was made. The latitude of this cursor {in the 
illustration that follows?} is 33°. 

[10] On the method of using the movable or fixed cursor in all localities. If you come to 
a locality and you want to work with the quadrant, find the latitude of that locality as (described) 
previously. Then place the line (joining the centre) to the middle of the cursor, which is the 
equinox line at that latitude, by counting the latitude from the meridian line and placing the 
cursor at the argument that you reach. Then perform with it the operations that have been 
described previously. If the cursor is not set at the local latitude, then the operations are not 
correct. With regard to the fixed cursor, find the local latitude for which it was made and keep 
it in mind. If you enter any town determine its latitude, and if the two (latitudes) are the same, 
work with the fixed cursor as it is without modification. If the latitude of the locality you entered 
is greater than the latitude for which the cursor is fixed, keep in mind the difference between 
them and move the thread from your day by the amount of this difference in the direction of 
the east-west-line so that the thread falls on the day adjusted for that locality. If the latitude 
of the locality you entered is less than the latitude of the locality for which the cursor was 
fixed, move the thread from your day by the difference between the two latitudes in the direction 
of the meridian line, and the thread will fall on the day adjusted for that locality. Know this 
and may God grant you success. This is an illustration of (the quadrant): {BLANK}. 

Commentary 

Introduction: The term bab, pi. abwab, is often used in Arabic technical texts in the sense of 
“method”, rather than the standard meaning “chapter” (literally “door”). In the manuscript there 
are empty spaces that normally might be filled with the chapter numbers ( al-bab al-awwal, 
“the first chapter”, etc.) in red ink. However, I doubt that the chapters were numbered in the 
9 th -century text; perhaps all that is missing each time is the word bab, “chapter”. 

Ch. 1: The terminology is eminently sensible and in its time set new standards for the field. 1 
Here and elsewhere for the movable cursor in its groove the manuscript has al-m-j-r-h, perhaps 


1 


On some of the terms see Kunitzsch, “Fachausdnicke der Astrolabliteratur”. 
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to be read al-majarra (root j-r-r, “to pull”), and meaning “a place or path where something 
is pulled”; this is perhaps an error for al-majra (written m-j-r-y, root j-r-y, “to run”), which 
literally means “a place for running” and would be singularly appropriate if applied to the 
groove. 2 The word al-majarra is used for the Milky Way in Arabic. 3 One could argue that a 
Persian-speaker rather than an Arabic-speaker would be more likely to mistakenly write the 
word pronounced majra as m-j-r-h. On the other hand, m-j-r-h is treated consistently (and 
correctly) as feminine in the manuscript, whereas majra is masculine. In the 14 th -century 
Topkapi manuscript of al-Marrakushl’s work (see Fig. 5a), the term used for the cursor on 
the sine quadrant on the back of the zarqalll quadrant is m-j-r-h , sometimes with a shadda 
on the “r” (to double the “r”). 4 

Ch. 4: See Fig. 3a for the basic procedures to find T(h,H). The text is corrupt and I have restored 
the meaning in the translation. If my restoration of this chapter is correct (see below ad Ch. 
7), our author takes the beginning of the zuhr as midday and the beginning of the c asr as the 
middle of the afternoon, using the “third line”. I know of no other medieval Arabic astronomical 
texts proposing this definition for the c asr, although it is precisely this definition which 
underlies and inspired the standard definition in terms of the shadow increase that was used 
from the 9 th century onwards. Certainly our author is not using those “new” definitions, because 
in Ch. 7 he proposes finding the shadows at the prayer-times from the corresponding altitudes. 5 
An early work of al-Khwarizml is a table displaying the shadows to one digit (base 12) at the 
two prayer-times for the latitude of Baghdad (33°) and each 6° of solar longitude. Each set 
of values was independently computed, showing that he was not using the “new” definitions. 6 
Ch. 5: The horizontal and vertical shadows, s and s', for a gnomon length n = 12 when the 
solar altitude is h are related by: 

s x s' = n cot h x n tan h = n 2 = 144. 

In the Latin tradition a distinction is made between solar altitudes less than and greater than 
45°. On shadow scales see App. B. 

Ch. 7: The fact that the shadow-lengths need to be calculated confirms my restoration of Ch. 
4. 

Ch. 8: The two most common values for the length of the gnomon in Islamic astronomy from 
the 8 th century onwards were 12 digits and 7 feet, others being 6 1 / and 6 2 /. 7 See further 

App. B. 


2 Habash uses shaziyya and majra in his treatise on the universal horary dial for timekeeping by the stars 
to describe first the movable cursor and then the hollowed groove in which it fits on a diametrical rule: see 
Charette & Schmidl, “Habash’s Universal Plate”, pp. 135-136. 

3 See the article “Madjarra” by Paul Kunitzsch in EI r 

4 The same term in the Paris manuscript was rendered mujerrih in Sedillot : //7,v, Memoire, pp. 104-105. See 
also Schmalzl, Geschichte des Quadranten, pp. 124-126. 

5 Using the new definitions in terms of shadow increases, the shadows would be given, and one would need 
to calculate the altitudes. 

6 See further King, “al-Khwarizml”, pp. 7-9; II-3.1; and IV-4.5. 

The apparent divergence between these definitions—nowhere more apparent than on medieval sundials or 
astrolabe plates showing both the seasonal hours and the times of the zuhr and c asr prayers—is the result of 
the approximate nature of the Indian formula that was used to relate the time of day to shadow increases. 

7 See Kennedy, al-Blrunl on Shadows, I, pp. 68-79, and II, pp. 25-31; idem et at., Studies, pp. 23-25; and 

111 - 1 . 2 . 
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Ch. 9: We note the mention of latitude 33°. This is an early value for Baghdad used by al- 
Khwarizml, 8 but it was still used in the 10 th century: thus, for example, it is found on the 
astrolabes of Hamid ibn c All al-Wasitl (see Figs. 10a and XIIIc-8.1) and the celebrated 
astronomer Hamid ibn Khidr al-Khujandl (see Figs. XIIIc-9b and i). 9 Better values had been 
determined already in the early 9 th century. The value 33;9° for the latitude of Baghdad is also 
associated with al-Khwarizml, although this may be result from a scribal error for the better 
value 33;21°, which, however, is elsewhere attested first in the 10 th century. 10 
Ch. 10: Perhaps the copyist in Meshed thought that a quadrant with a cursor set for latitude 
33° was not worth copying. Or maybe it was already missing from his original (for the same 
reason). 


8 King, “al-Khwarizml”, p. 2. See also Kennedy & Kennedy, Islamic Geographical Coordinates, p. 55.. 

9 #111—private collection—described in detail in King, “Kuwait Astrolabes”, pp. 80, 82-89 (no. 2), also 
illustrated in King, Mecca-Centred World-Maps, pp. 18-19. See now XIIIc-9. 

10 See further Kennedy & Kennedy, Islamic Geographical Coordinates, pp. 55-56; King, “Earliest Muslim 
Geodetic Measurements”, pp. 226-227; and idem, “Geography of Astrolabes”, pp. 13-14, now in XVI-4. 



APPENDIX B: ON SHADOW SCALES 


No shadow scales are known from Greek astrolabes or Greek texts on the astrolabe. 1 Greek 
astrolabes, and with them the earliest Islamic astrolabes, bore no more than a single altitude 
scale and an alidade on the back (see XIIIa-4). 2 In a treatise by the early-9 th -century Baghdad 
astronomer Abu Ja c far al-Khwarizml on the construction of the astrolabe, a simple, single 
shadow-scale is described (see Fig. Bl) 3 , and such a scale is found on a 9 th - or early- 10 th -century 
astrolabe by Muhammad ibn Shaddad (al-Baladl) (see Fig. B2), 4 and also on a 16 th -century 





y*2_ 


Fig. Bl: The shadow scale to base 7 illustrated in al- 
Khwarizml’s treatise on the construction of the astro¬ 
labe. [From MS Berlin Ahlwardt 5793, fol. 81v, 
courtesy of the Deutsche Staatsbibliothek (PreuBischer 
Kulturbesitz).] 


A 



Fig. B2: On the back of this astrolabe from 9 th - or 
early- 10 th -century Baghdad by Muhammad ibn 
Shaddad al-Baladl (#1179) there are four different 
shadow scales. In the lower left quadrant we see the 
simple horizontal scale proposed by al-Khwarizml, 
here to base 7 ( aqdam , feet), and in the lower right 
quadrant a shadow square and a diagonal shadow scale 
(both without arguments), as well as a scale on the 
outer rim, all three to base 12 (asabi\ digits). [From 
Dorn, “Drei arabische Instrumente”, p. 116.] 


1 The quadruple shadow square on this sole surviving Byzantine astrolabe from the year 1062 (#2—Brescia, 
Museo dell’Eta Cristiana, inv. no. 36—discussed and illustrated in Gunther, Astrolabes , I, pp. 104-108 (no. 2), 
after a 1926 study by O. M. Dalton) is a later addition. 

is a later addition. The inclusion of such an absurd shadow square, so ungainly and over-sized that its corners 
interfere with the original inscriptions around the rim, reflects poorly on the person who added these markings. 

2 See also Stautz, “Friiheste Formgebung der Astrolabien”, p. 320. 

3 Omitted from King, “al-Khwarizml”. See now Charette & Schmidl, “al-Khwarizml on Instruments”, pp. 
161 and 165-166. 

4 #1179—present location unknown, in the 19th century it was in Berlin in the possession of Dr. Wetzstein— 
published in Dorn, “Drei arabische Instrumente”, pp. 115-118. See now XIIIc-4. 
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Fig. B3: A similar scale to base 12 labelled al-zill al- 
mabsut with a vertical scale of 12 units al-zill [al- 
Jmankus at 12 units on the horizontal scale found on 
the back of a crudely-fashioned astrolabe apparently 
from Northern al-Traq and dating from the early 16 th 
century (#4131). [Present location unknown; photo 
courtesy of Christie’s of London.] 




Fig. B4: The back of the astrolabe by Shams al-Dln 
Muhammad Saffar dated 911 H [= 1505/06] (#2505), 
showing the two shadow squares to two different bases. 
[Courtesy of the Museum of the History of Science, 
Oxford.] 



Fig. B5a-b: The defective shadow scales on two 14 th - 
century astrolabes from Northern France. The first is 
from Picardy and has numbers written in a special 
monastic notation (#202). The second is of uncertain 
provenance and is fitted with a luni-solar gear mecha¬ 
nism (#198). On both the divisions on the shadow 
scales have been constructed by joining the centre to 
equal divisions of the outer scale. [Credits: a—private 
collection, photo by the author, courtesy of the owner; 
b—photo by Gerard L’E. Turner, courtesy of The 
Science Museum, London.] 
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Fig. B6: The shadow scales on the back of a Southern German astrolabic plate dated 1468 (#550). [Courtesy 
of the Germanisches Nationalmuseum, Nuremberg.] 


astrolabe from N. al- c Iraq (Fig. B3) 5 but not on any other known pieces. In the contemporaneous 
treatise on the universal horary quadrant with movable or fixed cursor discussed in the main 
text of this study a double shadow-scale (that is, a single shadow square) is included with the 
markings. On various astrolabes from 10 th -century Baghdad 6 we find precisely such a shadow 


5 #4131—signed by one Husayn ibn B-k-s (?) al-Rahaql and dated 913 H [= 1507/08]—present location 
unknown—see Christie’s (London) 24.09.1992 Catalogue, pp. 36-37 (lot 112), Sotheby’s (London) 22.04.1999 
Catalogue, p. 46 (lot 72), and King, Mecca-Centred World-Maps, p. 354, n. 103. 

6 See now XIIIc-4 and 8.1. 
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Fig. B7: The tables of the cotangent function on the 
back of a Maghribl astrolabic plate datable ca. 1300 
(the calendrical scale shows the equinox at March 14) 
(#4303). The instrument is also remarkable for the 
simplified rete: see Fig. X-4.1.5. [Photo from the 
archives of the late Alain Brieux, courtesy of 
Dominque Brieux, object in The Victoria and Albert 
Museum, London.] 




Fig. B8: The sine table on the back of an astrolabe (#634) 
made in Lyon ca. 1610. On the accuracy of the entries 
see King, “Schweinfurt Instruments", pp. 378-380. 
[Photo courtesy of the Stadtarchiv, Schweinfurt.] 
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square or double shadow-scale in the form found on most later astrolabes and also on the 
medieval English navicula (XIIb-2). 7 On the astrolabe of al-Baladl (Fig. B2) we find in the 
lower right quadrant a single shadow square within a diagonal scale in addition to the al- 
Khwarizml-type scale in the lower right quadrant mentioned above; in addition there is a fourth 
scale on the rim of the lower right quadrant. The mid-9 th -century Baghdad astronomer al- 
Farghanl in his influential treatise on the construction of the astrolabe (unpublished!) also 
prescribed and illustrated the simple kind of scale proposed by al-Khwarizml (and no other). 8 
These different kinds of shadow scales attest to an avid interest in shadows amongst 
contemporaneous Muslim astronomers; this interest was in part aroused by the newly-devised 
definitions of the times of the zuhr and c asr prayers in terms of shadow increases (IV). 

On Islamic shadow squares (Arabic murabba al-zill ) the horizontal shadow is generally 
labelled al-zill al-mabsut, lit. “the shadow which is stretched out”, and the vertical one al-zill 
al-mankus or al-ma z kus, both meaning “the reversed shadow”. 9 In Latin these became umbra 
recta and umbra versa, with occasional variations (see Figs. Xllb-lOd and XIIIa-9.1a). Very 
rarely the square of the base or gnomon length will be engraved by the appropriate scales (see 
below): this is useful for converting horizontal and vertical shadows 144 (see Ch. 5 in App. 
A). 

The standard shadow square, single or double, became a common feature on Islamic 
astrolabes from the 10 th to the 19 th century, and on European astrolabes from the 10 th century 
to the Renaissance. On Islamic pieces one side of the double square often serves base 12 ( isba\ 
pi. asabi, digits) and the other side 7 (qadam, pi. aqdam, “feet”). A particularly interesting 
example is an astrolabe made by Muhammad ibn Abi ‘1-Qasim al-Isfahanl in 496 H [= 1102/ 
03] (Fig. B4): this bears a double shadow-square for digits on the left and feet on the right. 
The squares are labelled zill al-asabi q-m-d, “shadow in digits, (square of the base) 144”, and 
zill al-aqdam m-b y-h, “shadow in feet, (square of the base) 42; 15”, respectively, and the scales 
are indeed divided into 12 and 67 2 , respectively. 10 The same use of two different bases is also 
attested on the shadow scales on the rims of many Islamic astrolabes, but it is the exceptions 
to the rule that are of most historical interest. A single shadow square is often an indication 
that we are dealing with an early Islamic or early European instrument. * 11 

A most unusual and rather ingenious shadow scale is found together with a universal horary 
quadrant on the back of an English astrolabe from ca. 1300 (see Fig. 7b). 12 The scale forms 
a crescent with the half circumferential scale for the altitude. The horary quadrant has its centre 


7 See also XIIb-9a-c on the combination of the shadow square with a universal horary quadrant. 

8 MSS Berlin Ahlwardt 5791, fols. 64r-65r, and 5790, fols. 51v-52v. This section is followed by another 
presenting the zill al-^ud, which is none other than the curve for the ‘asr on the plate of an astrolabe. 

9 Kunitzsch, “Fachausdriicke der Astrolabliteratur”, pp. 562-563. 

10 #122—Florence, Museo della Storia della Scienza, inv. no. 1105—see Gunther, Astrolabes, p. 263 (no. 
122), and now XIIIb-11. 

11 For examples of each kind see: 

#4024—illustrations found in an 11th-century Latin manuscript of a 10th- or 11th-century AndalusI astrolabe 
with Arabic inscriptions including a signature by Khalaf ibn Mu'adh: see Kunitzsch, “10th-Century AndalusI 
Astrolabe”, and Fig. XIIIa-9.2b. 

#3042—the earliest European astrolabe, from 10th-century Catalonia: see Fig. XIIIa-9.1a. 

12 #296—see n. 7:7. 
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at the top of the upper semicircle of the circumference, at which the thread and bob are attached. 
The lower semicircle is divided from left to right into 90° and the divisions are marked 
according to the chords extending from the centre of the horary quadrant. The shadow scale 
runs from 0 to 12 for altitudes 0°-45° and 12 to 0 for altitudes 45°-90°, the two halves being 
labelled maior ” and minor ”, where •, which looks like a Greek y, is possibly a “U” or 
“u” for umbra. It seems reasonable to suspect Islamic inspiration behind this ingenious device 
which is unknown from the available Islamic sources. 

The construction of the scales on shadow squares is so simple that it is surprising to find 
that on two 14 th -century Northern French astrolabes they are incorrectly constructed (with 
unequal divisions) by joining the centre to equal divisions of the circumferential scale (Figs. 
B5a-b). 13 On the scales of a double shadow square on the back of a Southern German astrolabic 
plate dated 1468 an additional set of numbers attempts to provide the quotients derived by 
dividing the numbers on one of the scales into 144 (Fig. B6). These are given in the form n,r 
where n is the integral quotient and r is the remainder; several mistakes indicate that the 
operation was alas beyond the skills of the maker. 14 On a compendium by Humphrey Cole dated 
1568 we find a a quadrans astronomicus, which is simply a quadrant with a scale 0°-90°, and 
quadrans geometricus adjacent to it and concentric with it, consisting two half scales showing 
the umbra versa from 0 to 12 (for altitudes 0°-45°) and the umbra recta from 12 to 0 (for 
altitudes 45°-90°). 15 Any 9 th -century Muslim astronomer worth his salt could have understood 
this and could have come up more useful. 

Finally, we mention an unsigned Maghribi astrolabic plate from ca. 1300 for latitude 34° 
[Meknes] (#4303), which bears a circular scale on the back displaying cotangents to bases 12 
and 6;40 for each degree of argument, with values to two digits (see Fig. B7). 16 This would 
have been more than any user would have needed, and we may compare an unsigned astrolabe 
from Lyon, ca. 1610 (#634), on which is engraved a table of the sine function to base 10 5 with 
values for each 0;30°, which are not as accurate as the engraver supposed (see Fig. B8). 17 


13 #202—private collection—see Gunther, Astrolabes, II, p. 349 (no. 202), and King, Ciphers of the Monks, 
pp. 131-151 and 406-419. 

#198—London, Science Museum, inv. no. 1880.32—see Gunther, Astrolabes, II, p. 347 (no. 198). 

On the shadow squares on these two pieces see King, Ciphers of the Monks, pp. 416-417. 

14 #550—Nuremberg, Germanisches Nationalmuseum, inv. no. WI 5—see Gunther, Astrolabes, I, p. 280 (no. 
137, incorrectly associated with Regiomontanus); and Nuremberg GNM 1992-93 Catalogue, pp. 589-592 (no. 
1.77), esp. p. 591a. 

15 Turner, Elizabethan Instrument Makers, pp. 112-113 ad no. 8. 

16 #4303—London, Victoria & Albert Museum, inv. no. I.M. 406-1924. This instrument was not recorded 
by Derek Price because in the 1950s the Museum did not have a clear idea of its holdings of astronomical 
instruments. Half a century later, this problem has not yet been resolved. 

17 #634—see my description in Schweinfurt 1993 Exhibition Catalogue, pp. 374-381 (no. 181). For another 
instrument (#532) by the same maker, misidentified as South German, see Chicago AP Catalogue, A, pp. 100- 
101 (no. 21). 



APPENDIX C: ON THE UNIVERSAL HORARY MARKINGS ON ASTROLABE ALIDADES 


“What is remarkable about this type of dial, when compared to all known designs of fixed 
dial from antiquity, is that its design embodies an approximation.” M. T. Wright, “Greek 
and Roman Approximate Sundials” (2000), p. 177. [In fact, this is not at all surprising; 
what is remarkable about these dials is that they are universal.] 


A variety of approximate universal equatorial sundial designated 7ipO(; nav kAi|i a, “for all 
climates”, was known in Antiquity, and its use continued throughout the Middle Ages in both 
the Near East and Europe in a modified form. In its original form it consisted of an alidade 
attached to a circular frame, a single sight at one end casting a shadow on a scale curved away 
from the base of the alidade. Several examples of such devices survive from the Graeco-Roman 
and Byzantine periods. 1 




Fig. Cla-c: Three alidades with universal sundials, from Isfahan ca. 1100 (#122), the Yemen ca. 1295 (#109), and 
the workshop of Jean Fusoris in Paris ca. 1400 (#568). [Credits: (a) Courtesy of the Museo di Storia della Scienza, 
Florence (a), the Metropolitan Museum of Art, New York (b), and the Jagiellonian Museum, Cracow (c).] 


1 On the antique variety see Drecker, Theorie der Sonnenuhren, pp. 58-66; Price, “Portable Sundials in 
Antiquity”, pp. 253, 256, etc.; Buchner, “Antike Reiseuhren”; and Field & Wright, “Gears from the Byzantines”, 
pp. 126-127. In Wright, “Greek and Roman Approximate Sundials”, too much emphasis is placed on the 
underlying approximation and not enough on the universality of the instrument. 
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In its medieval form the device was reduced to a series of markings representing the seasonal 
hours on the alidade of an astrolabe, one sight being used as a gnomon. A very limited number 
of early Islamic, medieval European, and later Islamic astrolabes bear alidades with these 
markings: see Fig. Cl for some examples. 2 As far as I am aware, the continuity of the tradition 
is not generally known. 3 Sometimes the purpose of these markings has been misunderstood 
by modem researchers. 4 

To use the device one should suspend the astrolabe in the plane of the meridian and point 
the alidade towards the meridian position of the sun. Then, regardless of the local latitude, at 
each seasonal hour the shadow of the upper sight will fall on the appropriate mark on the 
alidade, except at midday when it falls on the other sight and at sunrise or sunset when there 
is no shadow. It is supposed that the “altitude” of the sun in the plane of the day-circle decreases 
from 90° by 15° each hour. Given its crudity the device is surprisingly accurate. 5 Clearly the 
underlying principle is not directly related to the standard approximate formula, although Abu 
c Al! al-Marrakushl does mention it as a special case. 6 

al-Blrunl (//. Central Asia ca. 1025) reported that Habash al-Hasib, in some work of his 
now lost, had discussed such alidade markings, and that he had presented a table to facilitate 
engraving them: the table simply displays values of Tan 12 (15i)° for i = 1, 2, ... , 6). 7 al-Birunl 
also stated that the device, which he called saq al-jarada, “the locust’s leg”, 8 was most 
commonly used on instruments displaying the phases of the moon (huqq al-qamar ). 9 He further 
described a related scale in the form of half a cylindrical ring which could be attached to the 
alidade: it had the advantage of having a uniform scale and all the drawbacks of the more 
common saq al-jarada. 10 


2 #116—Berlin, Staatsbibliothek, inv. no. Sprenger 2050—signed by Muhammad ibn al-Saffar and dated 
420 H [= 1029/30]—see the detailed study in Woepcke, “Arabisches Astrolab”, and the summary in Gunther, 
Astrolabes, I, pp. 251-252 (no. 116). 

#109—New York, Metropolitan Museum of Art, inv. no. 91.1.535—signed by the Yemeni sultan ‘Umar ibn 
Yusuf and dated 690 H [= 1291]—see Gunther, op. cit., I, p. 243 (no. 109), and the detailed description in King, 
“Yemeni Astrolabe”, now in XlVa; see also n. C:4 below. 

#568—Cracow, Jagiellonian Museum, inv. no. ? (formerly at Wroclaw University)—a typical astrolabe of the 
Fusoris atelier ca. 1425—unpublished. 

3 It was pointed out already in Washington NMAH Catalogue, p. 59, where, however, the authors mistakenly 
claim that the markings should be used in conjunction with an astrolabe plate. 

4 The supposed non-functionality of the markings on the alidade of the sole surviving astrolabe by the 
Yemeni Sultan al-Ashraf (see Fig. Clb) claimed in King, “Yemeni Astrolabe”, p. 107, is nonsense. Since I did 
not understand the markings I claimed the alidade could not be used and therefore that it could not be original. 
Several parallels come to mind. 

5 Drecker, Theorie der Sonnenuhren, pp. 64-66. 

6 See XI-2.2. 

7 On al-Blrunl see the DSB article by E. S. Kennedy. For this passage see idem, al-Biruni on Shadows, I, 
pp. 238-241, and II, pp. 149-151. 

Habash also put a tangent scale for terrestrial latitude on his universal horary dial for the stars. The universal 
horary dial for the sun on the navicula also has a tangent scale for the latitude. 

8 Unfortunately this name was also used in technical Arabic for latitude-specific and universal vertical 
sundials: see Charette, Mamluk Instrumentation, pp. 145-150 and 174-176. 

9 The dubious reading noted in Kennedy, al-Biruni on Shadows, II, p. 241, n. 1, is huqq al-qamar. 

10 Ibid., I, pp. 241-242, and II, pp. 151-152. 
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The universal sundial was also known in medieval Europe. The markings are found on a 
very few medieval European astrolabes, including one from the atelier of Jean Fusoris (see 
Fig. Clc). 11 The use of such markings is recorded, for example, already in the Latin treatise 
on the astrolabe falsely associated with Messahalla (Gunther’s translation): 12 

Si per allidadam horariam vis scire horam diei naturalem, pone allidadam super 
altitudinem medie diei illius in dorso astrolabii suspensi; et verte dorsum ad solem 
tam diu donee umbra uniuscuiusque anguli superioris pinnule cadat in allidada, 
quelibet in directo sui lateris; et ubi occiderit in divisionibus erit hora quesita. II If 
you wish to know the natural (i.e. seasonal) hour of the day by the horary alidade, 
set the alidade on the (sun’s) altitude at midday on the back of the astrolabe (whilst) 
suspended, turn the back to the sun until the shadow of each comer of the upper pinnule 
falls on the alidade anywhere in line with its side. Then the division on which it falls 
will be the desired hour. 

It is also found in the treatise associated with Hermannus Contractus (early 11 th century): 13 

Quando vis scire in dorso astrolapsus /l ] hora . dum sol pervenerit ad ipsa signa 

in Alhidada, scias sic horas certas usque ad 6; post 6, retorna descendendo usque 
ad occasum ... , 

adding that if you want to do it properly you should use the front of the astrolabe. Jean Fusoris 
wrote about these markings in the same chapter in which he treated the universal horary 
quadrant: 14 

... pour savoir les heures inegalles en tons climas par autre maniere . So it mise 

I’alidade sur la haulteur du mydi en dos de I’astralabe vers le soleil jusques a tant 
que 1’ombre de la pynnule qui est vers le soleil chiee [leg. chie ?] sur I’alidade 
droictement sur son coste, et l’ombre vousmonstrera les heures inesgalles. II ... to find 

the seasonal hours in any latitude by another procedure.Let the alidade be placed 

at the midday altitude on the back of the astrolabe so that the shadow of the (upper) 
pinnule towards the sun fits directly along (the scale on) the side of the alidade: then 
the shadow will show you the seasonal hours (throughout the day). 

Since the alidade is the first piece of an astrolabe to get broken and removed, sometimes to 
be replaced by an inferior substitute, and since it is often the last piece to get photographed, 
if at all, a survey of surviving alidades in quest of such markings would be fraught with 
difficulty. 


11 See n. C:2 ad #568. 

12 For the text of Maslama al-Majrltl (shown by Paul Kunitzsch to be falsely attributed to Masha’allah) see 
Gunther, Early Science in Oxford, V, pp. 220 and 174 (also mentioned in Morley, Astrolabe of Shah Husayn, 
p. 21, and quoted in Washington NMAH Catalogue, p. 59). See also Gunther, op. cit., V, p. 146. 

13 For the text of Flermanus Contractus see Gunther, Astrolabes, II, p. 418 (not in Drecker, “Hermannus 
Contractus iiber das Astrolab”). 

14 Poulle, Fusoris, p. 116. 



APPENDIX D: LIST OF INSTRUMENTS AND MANUSCRIPTS CITED 


#2 Byzantine astrolabe dated 1062 — Brescia, Museo dell’Eta Cristiana, inv. no. 36 — published 

in Dalton, “Byzantine Astrolabe”, summarized in Gunther, Astrolabes , I, pp. 104-108 (no. 2), 
and now XIIIa-4 B: 1 

#3 Astrolabe by Ahmad and Muhammad, sons of Ibrahim al-Isfahanl, dated 374 H [= 984/85] — 
Oxford, Museum of the History of Science, inv. no. ICC 3 — see Gunther, Astrolabes , I, pp. 
114-116 (no. 3), and now XIIIc-10 15:2 

#12 Astrolabe by Mukhlis Shirwanl dated 910 H [= 1504/05] — Cairo, Museum of Islamic Art, inv. 

no. 15360 — see now the detailed description in XIVe-1 6, Fig. 6c 

#100 Astrolabe by Hamid ibn c Ali (al-Wasitl) dated 343 H [= 954/55] — stolen from the Museo 

Nazionale in Palermo some 50 years ago — published in Mortillaro, “Astrolabio arabo”, and 
now XIIIc-8.1 10, Fig. 10a, Al, comm. ch. 9 

#109 Astrolabe signed by the Yemeni sultan al-Ashraf c Umar ibn Yusuf and dated 690 H — New 
York, Metropolitan Museum of Art, inv. no. 91.1.535 — see Gunther, Astrolabes , I, p. 243 (no. 
109), and the detailed description in King, “Yemeni Astrolabe”, and now XlVa C:2 and 4, 

Fig. Clb 

#111 Astrolabe by Hamid ibn Khidr al-Khujandl dated 374 H [= 984/85] — private collection — see 
Gunther, Astrolabes , I, p. 245 (no. Ill); and the detailed description in King, “Kuwait Astrolabes”, 
pp. 80, 82, 83-89, and now XIIIc-9 A:9, comm. ch. 9 

#116 Astrolabe by Muhammad ibn al-Saffar dated 420 H [= 1029] — Berlin, Deutsche Staatsbibliothek, 
PreuBischer Kulturbesitz, Orientabteilung, inv. no. 6567 (Sprenger 2050) — see the detailed 
study in Woepcke, “Arabisches Astrolab”, and the summary in Gunther, Astrolabes , I, pp. 251- 
252 (no. 116) C:2, Fig. Cla 

#122 Astrolabe by Muhammad ibn Abi ‘1-Qasim al-Isfahanl dated 496 H [= 1102/03] — Florence, 
Museo di Storia della Scienza, inv. no. 1105 — see Gunther, Astrolabes , I, p. 263 (no. 122), and 
now XIIIc-11 B: 10 

#123 Astrolabe by Ibrahim ibn SaTd al-Sahll, dated Valencia, 463 H [= 1070/71] — Osservatorio di 
Roma — unpublished; see Gunther, Astrolabes , I, p. 263 (no. 123) 6:2 

#142 Astrolabic plate by Ibn al-Shatir dated 733 H — Paris, Bibliotheque nationale de France, 
Departement des cartes et plans, inv. no. ? — unpublished, listed in Mayer, Islamic Astrolabists, 
pp. 40-41; see Gunther, Astrolabes , I, p. 287 (no. 142) 8:12 

#193 Unsigned, undated astrolabe attributable to the atelier of Jean Fusoris, Paris, ca. 1425 — Chicago, 

Adler Planetarium, inv. no W-264 — see Chicago AP Catalogue , I, pp. 46-48 (no. 3) 12:2, 

Fig. 12a 

#198 14 th -century Northern French geared astrolabe — London, Science Museum, inv. no. 1880.32 

— see Gunther, Astrolabes , II, p. 347 (no. 198), and King, Ciphers of the Monks , pp. 398-399 

and 402-403, Figs. 6a-b, also pp. 416-417 B:13, Figs. B5b 

#202 14 th -century Picard astrolabe marked with monastic ciphers — private collection — see Gunther, 
Astrolabes , II, p. 349 (no. 202), and King, Ciphers of the Monks , pp. 131-151 and 406-419, esp. 
416-417 B:13, Figs. B5a 

#256 Astrolabe in the Regiomontanus tradition with additional 16 th -century inscriptions — present 
location unknown, formerly in a private collection in Paris — Gunther, Astrolabes , II, p. 434 
(no. 256); King & G. Turner, “Regiomontanus’ Astrolabe”, p. 189 and figs. 18-19; and G. 
Turner in Christie's London 08.04.1998 Catalogue , pp. 70-73 (lot 49) 1 (quote) 

#296 14 th -century English astrolabe with a universal horary quadrant on the back — Oxford, Oriel 
College — see Gunther, Astrolabes , II, p. 473 (no. 296) Fig. 7b; B:12 

#337 The “Thomoe” astrolabe, French, 14 th century — Greenwich, National Maritime Museum, inv. 

no. A34/36-28C — description forthcoming in Greenwich Astrolabe Catalogue 12:4, Fig. 12d 
#532 Unsigned astrolabe from Lyon, datable ca. 1610 — Chicago, Adler Planetarium, inv. no. M-32 

— see Chicago AP Catalogue , A, pp. 100-101 (no. 21, misidentified as South German) B:17 
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#550 Unsigned S. German astrolabic plate dated 1468 — Nuremberg, Germanisches Nationalmuseum, 

inv. no. WI 5 — see Gunther, Astrolabes , I, p. 280 (no. 137, incorrectly associated with 
Regiomontanus); and Nuremberg GNM 1992-93 Catalogue , pp. 589-592 (no. 1.77), esp. p. 
591a B:14, Fig. B6 

#568 Undated, unsigned astrolabe from the school of Jean Fusoris — Cracow, Jagiellonian Museum, 
inv. no. ? (formerly at Wroclaw University) — unpublished C:2 and 11, Fig. Clc 

#634 Unsigned astrolabe from Lyon, datable ca. 1610 — Schweinfurt, Stadtarchiv, inv. no. 2 — 
detailed description in Schweinfurt 1993 Exhibition Catalogue , pp. 374-381 (no. 181) B: 17, 

Fig. B8 

#1131 Astrolabic plate by Ibn al-Shair dated 733 H — Cairo, Museum of Islamic Art, inv. no. 15362 
(or 15363?) — unpublished; listed in Mayer, Islamic Astrolabists , pp. 40-41 8:12 

#1148 Astrolabe by Muhammad ibn Fattuh al-KhamaTri dated 628 H — Cairo, Museum of Islamic 
Art, inv. no. 15371 —unpublished 15:2 

#1179 10 th -century astrolabe mater by Muhammad ibn Shaddad (al-Baladl)—present location unknown, 

formerly (1864) in Berlin in the possession of Dr. Wetzstein — published in Dorn, “Drei arabische 
Instrumente”, pp. 115-118, and now XIIIc-4 B:4, Fig. B2 

#2006 Undated medieval English astrolabe with zoomorphic representations on the rete — Washington, 
D.C., National Museum of American History, inv. no. 318198 — see Washington NMAH 
Catalogue , figs. 16 (p. 14), 20 (p. 23), and 28 (p. 46), and pp. 45-47 and 153-154 (no. 2006). 

8:4 

#2505 Astrolabe by Shams al-Dln Muhammad —affar dated 911 H [= 1505/06] — Oxford, Museum 
of the History of Science, inv. no. ? — see Oxford MHS Billmeir Supplement Catalogue , pp. 19- 
20 (no. 158) Fig. B4 

#3000 Unsigned, undated late medieval astrolabe — Basle, Historisches Museum, inv. no. ? — 
unpublished 12:6, Fig. 12e 

#3042 Unsigned 10 th -century astrolabe from Catalonia — Paris, Institut du Monde Arabe, inv. no. AI 
36-31— see Destombes, “Astrolabe carolingien”, and various articles in Stevens et al ., The 
Oldest Latin Astrolabe , also XIIIa-9 B: 11 

#4024 Illustrations of a 10 th - or 1 l th -century AndalusI astrolabe with Arabic inscriptions and signed by 
Khalaf ibn Mu c adh, found in an 1 l th -century Latin manuscript — see Kunitzsch, “10 th -Century 
AndalusI Astrolabe”, and now XIIIa-9 B: 11 

#4054 Astrolabe by Muhammad ibn Fattuh al-KhamaTrl of Seville dated 619 H [= 1223/24] — present 
location unknown; formerly in the Linton Collection — see Linton Collection Catalogue , pp. 
171-173 (no. 221) 10:2 

#4131 Astrolabe by Husayn ibn B-k-s (?) al-Rahaql and dated 913 H [= 1507/08] — present location 
unknown — see Christie's (London) 24.09.1992 Catalogue , pp. 36-37 (lot 112), Sotheby's 
(London) 22.04.1999 Catalogue , p. 46 (lot 72), and King, Mecca-Centred World-Maps , p. 354, 
n. 103 B:5, Fig. B3 

#4303 Unsigned Maghribi astrolabic plate datable ca. 1300 — London, Victoria & Albert Museum, 
inv. no. I.M. 406-1924 — unpublished B:16, Fig. B7 

#4570 Signed Italian astrolabe dated 1558 — Museum of History of Science, Oxford, inv. no. 26, not 
listed in Price et al., Astrolabe Checklist — unpublished 14:2, Fig. 14b 

#5021 Astrolabic quadrant for [Meknes] by Ahmad ibn c Abd al-Rahman al-Dahmanl dated 854 H [= 
1450/51] — Madrid, Museo Arqueologico Nacional, inv. no. 50856, electrotype copy in the 
Science Museum, London, inv. no. 1877-5 — see Mayer, Islamic Astrolabists , p. 34, and the 
bibliography there cited 11:2, Fig. 11a 

#5501 Medieval quadrans vetus in wood, unsigned and undated — until recently in a private collection 
in Milan, present location unknown — unpublished Fig. 7c, 13:1 

#5502 Medieval quadrans vetus , unsigned and undated — Oxford, Museum of the History of Science, 
inv. no. 52020 — illustrated in Poulle, Instruments astronomiques , 1969 edn., p. 19; see now 
Meliconi, “Oxford Quadrans vetus ” on EPACT 7:1 
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#5503 Medieval quadrans vetus, unsigned and undated — Florence, Museo di Storia della Scienza, 
inv. no. 662 — illustrated in Poulle, Instruments astronomiques, 1983 edn., p. 10, and King, 
Mecca-Centred World-Maps , p. 356; see now A. J. Turner, “Florence Quadrans vetus" on EPACT 

Fig. 2c; 7:1 

#5504 Medieval quadrans vetus , unsigned and undated — London, British Museum, inv. no. 1972 1- 
4 1 — see London BM Catalogue , p. 55 (no. 145) and pi. XX, and now Ackermann, “London 
BM Quadrans vetus" on EPACT 7:1 

#5505 Medieval quadrans vetus , unsigned and undated — Vienna, Kunsthistorisches Museum, inv. 

no. ? — unpublished 7:2 

#5506 Medieval quadrans novus , unsigned and undated — Oxford, Merton College — see Gunther, 
Science in Oxford, II, pp. 164-169; North, Richard of Wallingford, III, p. 134; and Dekker, 
“Quadrans novus”, p. 20, etc. 8:3, Fig. 8a 

#5507 Medieval quadrans novus , unsigned and undated — Washington, National Museum of American 

History, inv. no. 326975 — see Dekker, “Quadrans novus", pp. 16-17, etc. 8:3 

#5508 Medieval quadrans novus , unsigned and undated — present location unknown — described by 
D. A. King and Elly Dekker in Christie's London 02.03.19995 Catalogue , p. 35 (lot 198) 8:3 
#5509 Medieval quadrans novus , unsigned and undated — present location unknown — described in 
detail in Dekker, “Quadrans novus ” 8:3 

#5511 Medieval quadrans novus , unsigned and undated — Rouen, Musee des Antiquites de la Seine 
Maritime, inv. no. 919—published in Anthiaume & Sottas, “Quadrans novus "; see also Dekker, 
“Quadrans novus ”, pp. 18-19, etc. 8:3 

#5512 Medieval quadrans novus , unsigned and undated, datable to 1415 — Angers, Musee de Saint- 
Jean, inv. no. MA GF39 — unpublished, see Dekker, “Quadrans novus ”, p. 22, etc. 8:3 
#5513 Medieval quadrans novus , unsigned and undated — Luneburg, Museum fur das Furstentum 
Liineburg, inv. 122 — unpublished, see Dekker, “Quadrans novus ”, p. 21, etc. 8:3 

#5515 German brass quadrans vetus on a square plate, dated 1523 — present location unknown, passed 
through Auktionshaus Hampel in Munich ca. 1995 — unpublished Fig. 7a 

#5521 English horary quadrant dated 1398 — Dorchester, Dorchester Museum — see London BM 
Catalogue , pp. 55-56 ad no. 146, and pis. XVIIb and XVIIIb; and Ackermann & Cherry, “Three 
Medieval English Quadrants” 13:2 

#5522 English horary quadrant dated 1399 — London BM, inv. no. 60 5-19 1 — see ibid., pp. 55-56 
(no. 146) and pis. XVIIa and XVIIIa; Ackermann & Cherry, “Three Medieval English Quadrants”; 
also G. Turner, “Whitwell’s Addition to a 14th-Century Quadrant”, and idem, Elizabethan 
Instrument Makers, no. 44 at pp. 190-191 13:2 and 3 

#5523 Undated horary quadrant, early 15th century (?) — London BM, inv. no. 56 6-27 155 — see 
London BM Catalogue, p. 56 (no. 147); and Ackermann & Cherry, “Three Medieval English 
Quadrants” 13:2 

#8501 Astrolabic plate with universal horary dial, signed by Roger Brechte and dated 1527 — Oxford, 
Museum of the History of Science (formerly St. John’s College), inventory no. 26323 — see 
Gunther, Early Science in Oxford, II, pp. 135-140 (no. 56); Meliconi, “Brechte Plate”, on EPACT; 
and now Xllb-11 8,8:8 

#8532 navicula, unsigned and undated, German-type design — Florence, Museo di Storia della Scienza, 
inv. no. 3163 — previously unpublished, see now XIIb-10 7:6 

Manuscripts 

Berlin DSB Ahlwardt 5790, 5791: B:8; 5793: Fig. B1 

Cairo ENL DM 969,4: 2, 2:1, Fig. 2a, A (text); DM 969+970: 2:1; MR 40,2: Fig. 6.1; M 155,3: 5:2 
Istanbul Haci Mahmud Efendi 5713: 11:1; Topkapi A.III 3343: Fig. 5a 
Meshed Shrine Library 392+393: Fig. 2a (caption) 

For manuscripts on the quadrantes veteres and novi and the European textual tradition see also the 
bibliographical citations in Archinard, “Unequal Hour Diagram”, and Knorr, “Quadrans Vetus", p. 23. 
For those on universal horary dials see XIIb-A. 


Part Xllb 

On universal horary dials 
for timekeeping by the sun and stars 




To the memory of Derek de Solla Price 




DEDICATION, 

ACKNOWLEDGEMENTS AND NOTES ON THIS VERSION 


This study is dedicated to the memory of Derek de Solla Price (1922-1983), who, in addition 
to his better-known contributions to the history of science and to scientometrics,* was one of 
the few historians of science in the 20 th century to recognize the importance of astronomical 
instruments as historical sources. The interested reader may consult the eloquent obituary by 
Gerard L’E. Turner in Annals of Science 41 (1984), pp. 105-107. Whilst Derek Price’s ground¬ 
breaking researches on the Chaucer equatorium and the Antikythera machine are published in 
book form, various other works of his might not be so well known, and so I list them 
chronologically here: 

♦♦♦ The Equatorie of the Planetis edited from Peterhouse MS. 75.1 (with R. M. Wilson), Cambridge: 
Cambridge University Press, 1955. 

♦> “An International Checklist of Astrolabes”, Archives internationales d’Histoire des sciences 
8 (1955), pp. 243-263, and pp. 363-381. 

♦♦♦ “Fake Antique Scientific Instruments”, in Actes du VUIe Congres International d’Histoire des 
Sciences, Florence, 3-9 Sept., 1956, pp. 380-394 (separatum paginated 1-15). 

♦> “Precision Instmments to 1500”, in Charles Singer et al ., eds., A History of Technology, III, 
Oxford: Clarendon Press, 1957, pp. 582-619. 

❖ “The First Scientific Instrument of the Renaissance”, Physis 1 (1959), pp. 26-30. [On the 
astrolabe presented by Regiomontanus to Cardinal Bessarion, later deemed a fake, but more 
recently, thanks to the identification of other pieces from the same workshop, re-established 
as genuine.] 

♦> “On the Origin of Clockwork, Perpetual Motion Devices and the Compass”, Contributions from 
the Museum of History and Technology , United States National Museum, Bulletin 218 (1959), 
Paper 6, pp. 81-112. 

❖ “The Little Ship of Venice, a Middle English Instrument Tract”, Journal of the History of 
Medicine and Allied Sciences 15 (1960), pp. 399-407. 

♦♦♦ “Medieval Water Clocks of the 14th Century in Fez, Morocco”, Proceedings of the Xth 
International Congress of History of Science, (Ithaca, 1962), pp. 599-602. 

♦> “The Tower of the Winds”, National Geographic 131:4 (April, 1967), pp. 586-596. 

♦> “Portable Sundials in Antiquity, including an Account of a New Example from Aphrodisias”, 
Centaurus 14 (1969), pp. 242-266. 

♦> A Computerized Checklist of Astrolabes (with Sharon Gibbs and Janice A. Henderson), New 
Haven Conn.: Yale University, Department of History of Science and Medicine, 1973. 

♦♦♦ “Gears from the Greeks—The Antikythera Mechanism: A Calendar Computer from ca. 80 
B.C.”, Transactions of The American Philosophical Society, N.S., 64:7 (1974), repr. in book 
form: New York, N.Y.: Science History Publications, 1975. 


See www.garfield.library.upenn.edu/price/derekprice.html. 
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❖ Science since Babylon—Enlarged Edition, New Haven & London: Yale University Press, 1975. 
[Contains important articles on mechanical devices and scientific symbols.] 

❖ “Philosophical Mechanism and Mechanical Philosophy—Some Notes toward a Philosophy of 
Scientific Instruments”, Annali dell’Istituto e Musei di Storia della Scienza di Firenze 5:1 
(1980), pp. 75-85. 

❖ “Instruments of Reason. Centerpieces of Renaissance science have become objets d’art”, The 
Sciences (New York Academy of Sciences), October 1981, pp. 15-17. 

❖ “Instruments in the British Museum”, Journal for the History of Astronomy 13 (1982), pp. 129- 
132. [An essay review of F. A. B. Ward, A Catalogue of European Scientific Instruments in 
the Department of Medieval and Later Antiquities of the British Museum, London: British 
Museum Publications, 1981.] 

The interested reader will find a few more relevant writings listed in the extensive bibliography 
in Yagi & Badash & Beaver, “Derek J. de Solla Price” (1996), pp. 76-83, which came to my 
attention during second proofs. 

It is a constant regret of mine that I never attended any lectures of Derek’s on instruments 
whilst at Yale, where he and his young colleagues were deeply involved with the Astrolabe 
Checklist. For better and for worse, I was immersed in Islamic mathematical astronomy, but, 
no less, in Prophetic hadith, the influence of Aramaic on Qur’anic Arabic, and the debt of 
Amharic to Ge’ez. Had I listened more to Derek whilst I was at Yale, I might have turned 
sooner in my academic career to instruments. But I did leave Yale with a copy of his Astrolabe 
Checklist, and it was Derek who indirectly inspired me to embark on the preparation of a 
catalogue of medieval instruments, a project that in its initial stages relied heavily on his having 
established the whereabouts of most of these. 

A shorter version of this study entitled “14 th -Century England or 9 th -Century Baghdad? New 
Insights on the Origins of the Elusive Astronomical Instrument Called the Navicula de Venetiis ” 
has recently appeared in Astronomy and Astrology from the Babylonians to Kepler—Essays 
Presented to Bernard R. Goldstein on the Occasion of his 65th Birthday, Peter Barker, Alan 
C. Bowen, Jose Chabas, Gad Freudenthal and Y. Tzvi Langermann, eds., 2 pts., Centaurus 
45 (2003) and 46 (2004), I, pp. 204-226. I am sure my former teacher will not mind me 
dedicating this version to Derek’s memory, since it was Derek in 1960 who, following Robert 
R. Gunther in 1923, has most contributed to the English literature on the elusive navicula, and 
no less since it was Bernard Goldstein’s lectures that I attended at Yale instead of Derek’s. 

This study, along with Xlla, was discussed in my Instrument Seminar in Frankfurt during 
the Summer Semester of 2002, and I was very grateful for that opportunity to air it in public. 
I owe a special debt to Sven Ruhberg, a faithful follower of the Seminar over many years, 
who pointed out to me that the Geneva navicula is based on a different construction from the 
other English naviculas. As usual I am indebted to Francois Charette for his critical reading 
of the penultimate version of this study, but the remaining problems are nobody’s responsibility 
other than my own. 

In seeking the origins of the universal horary dial in a cultural milieu other than the one 
in which it is first attested, I have tried not to be too polemical or propagandist. I am just trying 
to address a question that has puzzled a series of scholars for some three-quarters of a century, 
and although I do not have the answer, I think I know where it may eventually be found. 
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1 Introduction, or Why we start with the navicula and the universal horary quadrant 


“Since some naviculas are dated from the 13 th century it appears certain that Regiomontanus 
probably only recorded, perhaps modified, the construction, which may therefore have 
originated with the Greeks, being preserved by the Arabs and revived during the Renaissance.” 
A. W. Fuller, “Universal Rectilinear Dials” (1957), p. 17. 

“The navicula.one of the most colourful relics of mediaeval astronomy that have come 

down to us.” F. A. Stebbins, “Portable Sun-Dial” (1961), p. 56. 

“Unter Venedigerschiff (Navicula de Venetiis) wird eine kleine Reisesonnenuhr in Form eines 
mittelalterlichen Schiffes mit hohem Bug und Heck und mit einem Mast bezeichnet, die zur 
Bestimmung der gleichlangen Stunden in verschiedenen Polhohen diente. Sie diirfte wohl im 
14. Jahrhundert erfunden worden sein.” Ernst Zinner, Astronomische Instrumente (1967), p. 
110 . 

“A nautically inspired, somewhat whimsical, medieval instrument which derives from the 
quadrant is the so-called navicula de venetiis.” Francis R. Maddison, “Medieval Instruments” 
(1969), p. 14. 

“The navicula is a type of sundial, related to the Analemma of Ptolemy, a work translated by 
William of Moerbeke in the thirteenth century.” John D. North, Richard of Wallingford (1976), 
III, p. 113. 

“ ... I have come to the conclusion that the Little Ship of Venice is a wonderfully constructed 
instrument which required genius to construct [leg. devise] it.” J. Kragten, “ Navicula ” (1989), 
p. 23. [This, even though the author thought the device achieved only an approximate solution.] 

“ ... this little brass sundial could indicate the time to within about a quarter of an hour, quite 
adequate for 15th-century needs.” Christopher Daniel, “Greenwich Navicula ” (1992), p. 37. 

“ ... either 15 th century, or an Italian bauble made for the Grand Tourist in the 19 th .” Arthur 
Middleton in BSIS, no 37 (June, 1993), p. 33, on the 14 th -century English navicula now in 
Geneva, after it had fetched £36,000 at auction at Sotheby’s of London on 25.02.1993, having 
been written up in the auction catalogue as “English, possibly 18 th century”. 

“Also on the back (of the navicula) is an unequal hour quadrant for converting time in equal 
hours found by the sundial [sc. the universal horary dial on the front of the navicula] into 
unequal or planetary hours.” Jim Bennett, “Oxford Navicula ”, on EPACT website. 

“ ... what in the last resort is the strongest reason for (King’s) ascribing the navicula to Habash? 
Only that a trigonometric analysis of the instrument can yield a formula mathematically 
equivalent to one known to Habash. Such a mathematical equivalence, however, proves very 
little beyond the fact that the instrument was well designed.” John D. North, “Review of 
King, Mecca-Centred World-Maps ” (2000), col. 749. 

“The reverse of the (navicula) carries a second dial, in the form of a quadrans vetus , which 
could be used to provide the unequal hours of the day from sunrise to sunset, while the front 
of the dial gave the equal hours.” Hester Higton, Portable Sundials (2001), p. 28. 

“The (navicula) appears to have been a modification of the Arabian zaouraq meaning small 
ship (Latin, navicula)”, Internet site offering facsimiles of historical instruments, including 
gilded naviculas (see n. 2:8). 

“(The navicula) is a favorite because of its charming shape. This in spite of the fact that it is 
fundamentally flawed as a timekeeping device. But hey, who uses a sundial anymore for 
accurate time?” Richard A. Paselk, “Instruments” (Internet site) (2001). 


The medieval English instrument for timekeeping by the sun known as navicula de Venetiis, 
“the little ship from the Venetians”, has had a very chequered career in the modem literature; 
indeed, one could argue that no single historical instrument was so misunderstood by several 



268 


PART Xllb 


generations of scholars in the 20 th century. 1 Yet there are good reasons why this should have 
been the case, and why only now we can begin to see some light at the end of the tunnel. The 
most important component of the navicula , with its distinctive, and identical, forecastle and 
stemcastle at each side, is a universal horary dial with which one can find the time of day 
in equinoctial hours 2 more or less accurately 3 from the solar altitude and the solar declination 
for any terrestrial latitude. Yet the available medieval texts on the navicula imply, and a series 
of modem scholars have accepted, that this device functions only approximately. Until recently, 
we knew only of one cmdely-made medieval navicula , preserved in Oxford, and one carefully- 
made but apparently incomplete navicula (incomplete not because it lacks the “fo’c’sTs” fore 
and aft), preserved in Florence. 4 However, just in the last 15 years, three other 14 th -century 
examples—which I label Greenwich, Colchester and Geneva—have been rediscovered, so the 
time is ripe for a new look at the navicula . 5 


1 I have already hinted at some of the findings of this paper in King, “Astronomical Instruments between 
East and West”, p. 151, and idem , Mecca-Centred World-Maps , pp. 351-359. A shorter version is King, 
“Navicula”. Since then the website “EPACT: Scientific Instruments of Medieval and Renaissance Europe” has 
appeared at www.mhs.ox.ac.uk/epact, and I have included references to the instruments that are featured there 
(Summer, 2002). See also n. 1:13 below. 

2 Equinoctial or equatorial hours are 1/24 divisions of the day and night; seasonal day and night hours are 
1/12 divisions of day and night, respectively. Thus, for example, seasonal day hours are longer in summer than 
in winter and equal to equinoctial hours at the equinoxes. In the Middle Ages tables were available for converting 
from one to the other: see, for example, II, passim , tables of the lengths of the seasonal hours in equinoctial 
degrees throughout the year. It should not be thought that timekeeping in seasonal hours was necessarily any 
less accurate than using equinoctial hours. See also n. 3:6 below. 

3 We are dealing with instruments small enough to be held in the palm of one’s hand, on which the divisions 
on the various scales are rather crudely marked. Nevertheless we shall find that it is possible to distinguish 
between instruments that either (1) have the theoretical potential to yield exact solutions, or (2) are so constructed 
that they can yield only an approximate solution. The modus operandi of the two types is different. Since the 
instruments are so small, this does not necessarily mean that properly-executed examples of the two kinds would 
in practice yield noticeably different results. The remarks refer only to the universal horary dial on the navicula : 
the results that one can obtain from the universal horary quadrant on the back of the navicula are different 
in essence and noticeably less accurate. 

4 All medieval instruments have been assigned an International Instrument Checklist number (here prefixed 
by #), continuing a tradition inaugurated by Derek de Solla Price and his colleagues. The only naviculas from 
before 1500 known before 15 years ago were: 

#8531—Oxford, Museum of the History of Science, inv. no. 54358 (formerly G73)—see Gunther, Early 
Astronomy in Oxford , II, pp. 40-41, also Zinner, Astronomische Instrumente , pp. Ill and 116, and Price, 
“ Navicula ”, p. 401, both based on Gunther; Brusa, “Navicelle”, p. 55 and figs. 3-4; and Bennett, “Oxford 
Navicula ”, on the website EPACT. This piece is usually falsely described as German (although Jim Bennett 
has now “origin unknown”); it is fact a crude version of the English instruments listed in n. 2:8 below. In 
particular it lacks the geographical and calendrical information. 

#8532—Florence, Museo di Storia della Scienza, inv. no. 3163—see Brusa, “Navicelle”, pp. 56 and figs. 
7-8; and A. J. Turner, “Florence Navicula ”, on the website EPACT. The provenance of this piece is not 
immediately evident, since it is different in style from the English naviculas , and resembles a dial described 
in a 1434 German manuscript (see Fig. 10a) but the universal horary quadrant has a somewhat absurd fixed 
cursor for latitude 52° (England? Oxford??). A. J. Turner describes the piece as 15th-century English without 
noting the latitude on this scale. See further 6c. 

5 See n. 2:8 below. Readers familiar with the secondary literature will note that these instruments have 
previously been described as “15th century”. One reason for assigning them to the 14th century is that we have 
two dated English astrolabes and two dated quadrants from the 14th century, and the three “new” naviculas 
look even older than these. These four pieces are: 
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Before we can understand the main markings of the navicula and their origin, we must first 
appreciate the two sets of secondary markings on the back of the instrument as well as on the 
backs of most astrolabes. These are a set of circular arcs for finding the time of day 
approximately in seasonal hours, which I call the “universal horary quadrant” (see below), and 
a pair of scales for measuring shadows. Now the combination of these markings superposed 
one on top of the other (and fitted with an optional solar scale) was known in medieval Europe 
from the 12 th century onwards and was called quadrans vetus (see Figs. XI-6.2.1 and Xlla- 
2c). In a parallel study I have published an anonymous Arabic text on this instrument from 
9 th -century Baghdad and the subsequent fate of the principal component of that instrument in 
the Islamic world and in Europe, thereby, I trust, dispelling any misconceptions that this device 
was actually invented in Europe. 6 

Now the universal horary quadrant provides an approximate solution to the problem of 
determining time from solar altitude. Since one does not need an instrument that has two sets 
of markings both yielding (different) approximate solutions, one should expect that the 
universal horary dial on the navicula should provide an exact solution. In fact, the universal 
horary markings on the front of one variety of the navicula , if used properly, do provide an 
accurate means, if more complicated, of measuring the time in equinoctial hours. 

Even those modem scholars who have claimed that the horary dial on the navicula also 
provides only an approximate solution have argued for an Islamic origin for the underlying 
idea, if for entirely the wrong reason (see Figs. 17.1-2). 7 Already in 1819, Jean-Baptiste 


#291—English astrolabe dated 1326—London, British Museum, inv. no. 1909 6-17 1—see Gunther, 
Astrolabes , II, pp. 465-467 (no. 291); London BM Catalogue , pp. 112-113 (no. 325) and pi. LI; also 
EPACT. #292—English astrolabe signed by Blakeney and dated 1342—London, British Museum, inv. no. 53 
11-4 1—see Gunther, Astrolabes , II, pp. 468-469 (no. 292); London BM Catalogue , pp. 113 (no. 326) and pi. 
LII; also EPACT. 

#5521—English quadrant dated 1398—Dorchester, Dorchester Museum—see the discussion in London BM 
Catalogue , pp. 55-56 (no. 146), and pis. XVII-XVIII; and Ackermann & Cherry, “Three Medieval English 
Quadrants”. 

#5522—English quadrant dated 1399—London British Museum, inv. no. 60 5-19 1—see London BM 
Catalogue , pp. 55-56 (no. 146), and pis. XVII-XVIII; G. Turner, “WhitwelTs Addition to a 14 th -Century 
Quadrant”; Ackermann & Cherry, op. cit.; and EPACT. 

Another reason is that our entire dating of early medieval French astrolabes has been shown to be too late: 
see King, Ciphers of the Monks , p. 397, text corresponding to nn. 18-19. 

Readers should also bear in mind that I am one of those (the others are the two historians of Islamic and 
medieval European astronomy, Paul Kunitzsch and Julio Samso, and the Catalan palaeographer Anscari Mundo) 
who believe that the so-called “Carolingian astrolabe” (#3042—Paris, Institut du Monde Arabe, inv. no. AI 86- 
31—see Destombes, “Astrolabe carolingien”; various papers in Stevens et al ., eds, The Oldest Latin Astrolabe ; 
also King, Ciphers of the Monks , p. 440; and now XIIIa-9) is a 10th-century production. Others have claimed 
that it is a modem fake, or at most of 12th-, 13th-, or 14th-century provenance. In King, “Earliest European 
Astrolabe”, published in the volume edited by Stevens et al ., I compared the piece with others of 10th-, 
11th-, 12th-, 13th- and 14th-century provenance. 

6 Xlla, and the summary in King, “Universal Horary Quadrant”. On the development of shadow scales in 
general see XIIa-B. 

7 See Fuller, “Universal Dial”, pp. 17-18; Archinard, “Geneva Navicula”, pp. 87-88; also Price, “ Navicula ”, 
pp. 399-400, and Eagleton, “ Navicula ”, 6.1. 

The main reason advanced for this alleged Islamic origin in the 20th century was off the mark. Robert Gunther 
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Delambre, who was well versed in Islamic spherical astronomy but who inevitably knew 
nothing of the navicula , suggested that Regiomontanus had taken his Uhrtafelchen from Arabic 
sources. 8 So, from the outset, the reader should keep in mind that we have already established 
that two of the three components of the navicula have their origin in 9 th -century Baghdad. We 
are here concerned mainly with the universal horary dial. 9 The navicula includes the earliest 
form of universal horary dial that survives, and there can be no doubt that the navicula as we 
know it hails from 14 th -century England (see 6). However, as I shall attempt to show, the device, 
not necessarily in the form of a ship, is probably much older. Indeed, at the risk of embarking 
on a kind of “cultural contest”, 10 I—inevitably—favour 9 th -century Baghdad over 14 th -century 


in 1923 ( Early Science in Oxford , II, p. 40) drew attention to the existence of an unusual astrolabe rete called 
zawraqi, with a “ship-shaped” horizon on the rete, in the treatise on astronomical instruments by the late-13 th - 
century Cairo astronomer Abu ‘All al-Marrakushl, and he wondered if this might be related to the navicula. 
Derek Price in 1960 asserted definitively that it indeed was (Price, “ Navicula ”, p. 400), though Giuseppe Brusa 
was not so sure (Brusa, “Navicelle”, p. 52, citing the zawraqi markings on an Indian astrolabe in Gunther, 
Astrolabes , I, p. 218). In fact it is not related, for the zawraqi markings on a rete are simply a horizon for a 
specific latitude: see Gunther, Astrolabes , I, fig. 94 on p. 193, for some more illustrations, together with the 
special plate which is to be used with these markings, as well as Khalili Collection Catalogue , I, pp. 230, 232, 
and King, “Review”, col. 254b, also n. 17:4 below. In spite of my efforts to kill the zawraqi / navicula myth 
(in King, “Universal Solutions from Mamluk Egypt and Syria”, first published in 1987, repr. in idem. Studies , 
C-VII (and in VIb), p. 176) this error has been repeated several times in the past decade or so and is now 
established as truth on the Internet (see the quote at the beginning of this study). See also Charette, Mamluk 
Instrumentation , pp. 80-81, where the associated heliocentric/geocentric issue is properly discussed. In Eagleton, 
“Navicula ”, 2.3, on the other hand, we see an orange light because the author had had a look at Sedillot: 

“Instead of jumping to conclusions about relationships between an obscure type of astrolabe and an 
obscure type of sundial we should perhaps concentrate on those things for which we have better 
evidence.” 

Some colleagues have actually driven through a red light at speed. The most ridiculous interpretation of the 
zawraqi astrolabe is in Sezgin & Neubauer, Wissenschaft un Technik im Islam , II, p. 16, where al-Sijzi’s asturlab 
zawraqi becomes a three-dimensional planetarium, with an equally fictional self-rotating terrestrial globe 
associated with the Caliph al-Ma 3 mun at the centre. At least the authors admit: 

“Ob al-SigzI selbst ein Planetarium gebaut hat ist nicht bekannt; unser Modell dient dazu, seine 
Vorstellung fiber die Bewegung der Erde zu illustrieren.” 

In fact, however, it is certain that al-SijzI never even conceived such a device, as al-Blrunf s and al-Marrakushi’ s 
diagrams of the zawraqi astrolabe rete (Figs. 17.1-2) bear witness. 

Alas, once an error is entrenched in the secondary and tertiary literature, it is naive to think that any new 
scholarly studies pointing out the error will save the situation. (In 1979 I wrote “Ibn Yunus and the Pendulum”, 
demolishing the myth that the celebrated 10th-century Egyptian astronomer (see n. 5:5) had known the principle 
of the pendulum, and showing how that myth had come into existence. There are now dozens of sites on the 
Internet claiming that Ibn Yunus discovered the principle of the pendulum.) 

8 Delambre, HAMA , p. 333. 

9 The best discussion in the modem literature is Archinard, “Navicula” , although the impression is given that 
the navicula was derived from the Uhrtafelchen. 

10 The expression in relation to the history of medieval instmmentation was coined by John North (see his 
“Review of King, Mecca-Centred World-Maps” , col. 748). 


—^ 

Figs. 2c-d: The front and back of the Florence navicula (#8532), corresponding closely to the design proposed 
in medieval German manuscripts (see Fig. 10a) and significantly different in style from the three 14 th -century 
English examples. Nevertheless, the positioning of the fixed declination scale, probably original, on the universal 
horary quadrant on the back indicates that the piece may be of English provenance. [Courtesy of the Museo 
di storia della scienza, Florence.] 
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Figs. 2a-b: The front and back of the Oxford navicula (#8531), a crude imitation of better instruments from 
14 th -century England. [Courtesy of the Museum of the History of Science, Oxford.] 
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Fig. 2e-f: The front and back of the Greenwich navicula (#8536). [Photos courtesy of the National Maritime 
Museum, Greenwich.] 


England. And I shall suggest that the inventor was probably the extremely innovative 
astronomer Habash al-Hasib, already well known for his other contributions to mathematical 
astronomy, mathematical methods and astronomical instrumentation. 11 For, as we shall see, 
Habash devised a yet more complicated universal instrument for timekeeping by the stars, the 
components of which are closely related to those of the universal horary dial for timekeeping 
by the sun (see 12 ). 

There are two other universal devices for timekeeping that have also had a chequered career 
in the Middle Ages as well as in the modern literature, namely, the universal horary dial known 
as the organum Ptolemaei and later in a variant form as the “de Rojas projection”, but also 
known to Muslim astronomers in a different manifestation centuries before (see 15 and 16). 

I stress at the outset that there is no concrete evidence that the universal horary dial was 
known in 9th-century Baghdad. But, as we shall see, there are some pointers to the possibility 
that it might have been, not the least that all of the main components—the non-uniform 


11 On Habash see the outdated articles in EI 2 and DSB; Sezgin, GAS, V, pp. 173-175; and King, Mecca-Centred 
World-Maps, pp. 40-41, 61-64, 345-349, and the references there cited, and also n. 12:1 below. A new account 
of his achievements by Francois Charette is to appear in BEA. 
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g h 

Figs. 2g-h: The front and back of the Geneva navicula (#8537), at first sight virtually indistinguishable from 
the Greenwich and Colchester instruments. These three pieces define the style of 14 th -century English naviculas. 
[Photos courtesy of Sotheby’s of London.] 


latitude scale, the solar declination scale, and the non-uniformly-spaced horary mark¬ 
ings—and the underlying mathematics were known in 9th-century Baghdad. Hence in this 
study, I make an effort to distinguish between fact and hypothesis. If I allow myself some 
license it is because I have had the privilege of investigating over 500 Arabic manuscripts 
relating to astronomical timekeeping from the 9 th century onwards: these contain materials 
undreamed of by medieval European and Renaissance astronomers and guaranteed to surprise 
a few modem historians of medieval astronomy (see 5 below). 12 

The universal horary dial raises substantial problems for the history of medieval astronomy, 
in particular for the history of the transmission of scientific innovations from the Islamic world 


12 See I-II, and the brief summary in the article “Mlkat, ii” [= astronomical timekeeping] in EI r On the context 
of the many tables investigated there see also idem & Samso, “Islamic Astronomical Handbooks and Tables”. 
For the broader context of the history of astronomy in Islam and in medieval Europe see respectively idem, 
“Islamic Astronomy”, and McCluskey, Medieval Astronomy. On astronomy in medieval England see the various 
studies of John North. On medieval Islamic and European instruments in particular see, respectively, X, and 
Poulle, “Instruments astronomiques”, where the navicula is omitted. 
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Fig. 2i The Colchester navicula (#8538). The text of a letter to the editor accompanying these illustrations 
published in the Gentleman's Magazine of 1787 reads as follows: 

“Colchester, Dec. 7 [1786?]. Mr. Urban, Herewith I send you drawings of both sides of an ancient 
sundial, answering the purpose of a quadrant, &c. made of brass, the middle, or upright piece of which 
is moveable to any of the twelve signs. I have been so particular in the delineation as to measure 
the lines accurately, that any of your readers (if they were so minded) might have one made from 
the copy as correct as the original. Yours, &c. W.B.” 

The illustrations have been prepared with great care; nevertheless, note that the subdivisions of the side scale 
for the tangent of the declination have not been drawn—I suspect that the artist did not realize their significance. 
[From Delehar, “Illustrations”, p. 387.] 


to medieval Europe. My study also demonstrates the importance of looking at instruments in 
the light of available textual materials and vice versa . 13 Alas it contributes but little to our 
understanding of the way in which the universal horary dial was transmitted to Europe, for 
it was surely there that one variety of the instrument assumed the form of a Venetian ship. 


13 This study arose during the course of the Frankfurt-based project to catalogue all medieval astronomical 
instruments (both Islamic and European to ca. 1550). Funding for this project (1992-96, Islamic, and 1999-2002, 
European) was generously provided by the Deutsche Forschungsgemeinschaft. On the aims of the project see 
King, “Medieval Instrument Catalogue”. On some of the results see idem, “Astronomical Instruments between 
East and West”. For a table of contents of the catalogue see www.uni-frankfurt.de/fbl3/ign/instrument- 
catalogue.html, and now, for the early Islamic instruments, XVIII. 
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In this study I have deliberately restricted my attention to developments before ca. 1550 and 
to the use of the dials rather than their construction. Whilst I shall point to the possibilities 
for further research, readers will inevitably find that the present study raises as many questions 
as it solves. I hope these will be addressed by the next generation of scholars. 

2 The historiography of the navicula in the 20 th century 

In the 1920s when Robert Gunther first turned his attention to the navicula, only one crudely- 
fashioned piece in Oxford was known (Figs. 2a-b). He maintained that this was German, 
although, in fact, it is 14 th - or 15 th -century English; he also published a medieval English text 
in Latin on the construction and use of the instrument. 1 In the 1950s Ernst Zinner identified 
a medieval German tradition of the same instrument in a different manifestation (see 10). Since 
then we know that the universal horary dial circulated in more than one form, one variety having 
a rotatable rectilinear latitude scale, on the navicula developed into the mast. The other had 
a brachiolus and fixed latitude scale, later adapted by Regiomontanus as his well-known 
Uhrtafelchen. 2 But Zinner’s findings have been ignored by all those who have written on the 
navicula since his time. In 1960 Derek Price published a Middle English treatise on the 
navicula, clearly derived from the Latin one published by Gunther. 3 In 1966-67 John North 
mentioned that he knew of four manuscripts of navicula texts in Oxford and one in London. 4 
In 1980 Giuseppe Brusa published an overview of naviculas and identified, in addition to 
various several Renaissance examples, another medieval piece in Florence (Figs. 2c-d), which 
might also be of English provenance, although its design follows the German tradition, and 
is probably 14 th century. 5 Since the 1950s a series of studies has been published in which the 
navicula is presented as an approximate device, following the obscure instructions on the use 
in the medieval English texts. 6 In 1989 Jan Kragten analysed the instructions on the construction 
of the universal horary dial on the navicula in these texts and showed that the device that 


1 On the Oxford instrument see n. 1:4. For the text see Gunther, Early Science in Oxford, II, pp. 375-379 
and 38-39 (also pp. 40-41). 

2 On the Regiomontanus dial see Zinner, Astronomische Instrumente, pp. 110-117. On the underlying 
mathematics see Delambre, HAMA, pp. 326-333; Drecker, Theorie der Sonnenuhren, pp. 93-96; Fuller, 
“Universal Rectilinear Dials”, pp. 9-15; Stebbins, “Portable Sun-Dial”; Fantoni, Orologi solari, pp. 390-415; 
Archinard, “Cadrans solaires rectilignes”, pp. 162-167; and also de Vries et al., “Regiomontanus Sundials”. 
Higgins, “Classification of Sundials”, pp. 346-347, and also Archinard, op. cit., pp. 168-169, treat the navicula 
as an offshoot of the Regiomontanus dial. 

3 Price, “Navicula”. 

4 North, “Meteoroscope”, p. 58, n. 7. 

5 Brusa, “Navicelle”. On the Florence instrument see n. 1:4 and also 6c. 

6 Fuller (1957) started a tradition in the modern literature in which the navicula was regarded as providing 
an approximate solution to the problem of determining t(h,8,(j))- Price (1960) saw no reason to fault his findings. 
Fuller had even derived the correction needed for the position of the cursor on the mast. Archinard (1995) 
continues the tradition of Fuller; like him she does not consider the medieval texts but anyway they are irrelevant 
to her discussion of the Geneva instrument (with which there is no error at all when the instrument is used 
properly). Fantoni, Orologi solari, pp. 410-411, comes close to recognizing the real problem of the navicula, 
but fortunately does not embark on a mathematical investigation of the error. 
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previous scholars had been thinking of was not that represented by the texts and by the Oxford 
navicula. Nevertheless, we were still dealing with an approximate device. The most serious 
discussion of the origin and historical sequence of the universal horary dial on the navicula, 
the universal horary dial of Regiomontanus, and the latitude-specific horary dial called 
Capuchin, is by Girolamo Fantoni (1988), written with a clear understanding of the underlying 
mathematics, but inevitably misled by some earlier modem writings. 7 

Recently three “new” naviculas, have come to light. They are properly made only up to a 
point. The scales on all of them are somewhat problematic when examined closely: these should 
be investigated afresh. The first is now in Greenwich (Fig. 2e-f). In another study that appeared 
in 1992, Jan Kragten showed that this was related to the Oxford piece, that is, it corresponded 
more or less to the constructions proposed in the extant medieval texts. The second, formerly 
in Colchester, is known only from an 18 th -century illustration (Fig. 2i) that was brought to our 
attention in 1993. 8 A third, at first sight very similar piece surfaced that same year and is now 
in Geneva (Fig. 2g-h). This was investigated in 1995 by Margarida Archinard, 9 without 
reference to the English manuscripts, and considering the error inherent in the device when 
compared with the correct procedure using Regiomontanus’ Uhrtafelchen. This, as we shall 
see, happened to most appropriate. 

It has not been noted previously that all of these three “new” naviculas are 14 th -century 
English, and that at least the Colchester and Geneva pieces possibly hail from the same 
workshop, if not from the same craftsman. This rather important fact has been overlooked in 
a flurry of publications on the individual instruments, some by amateurs, some of a non¬ 
technical nature and others repeating the approximate nature of the navicula (for the wrong 
reasons), and all overlooking the medieval German tradition. 

It has also not been previously noted that the Geneva instrument is based on a construction 
different from that proposed in the medieval English texts and attested by the Oxford, 
Greenwich and Colchester instruments. 10 In fact, it is based on what I would imagine is an 


7 Fantoni, Orologi solari, pp. 412-413. 

8 These are: 

#8536—Greenwich, National Maritime Museum, inv. no. ASTI 146—see Kragten, “ Navicula ”, Daniel, 
“Greenwich Navicula ”, Lippencott, “ Navicula ”; and Hester Higton in Greenwich Sundial Catalogue , pp. 249- 
250 (no. 246). The description in Higton, Portable Sundials , pp. 26-30, is uninspired, the illustrations miserable, 
and there is no hint of the modus operands furthermore, the navicula is treated after the Regiomontanus dial. 

#8537—Geneva, Musee d’Histoire des Sciences, inv. no. 2139—see the description by A. J. Turner in 
Sotheby's London 25.02.93 Catalogue , p. 73 (lot 386) with colour photos on p. 61; G. Turner, Navicula (non¬ 
technical); and Archinard, “Geneva Navicula ”. Illustrated in King, Mecca-Centred World-Maps , p. 354 (Fig. 
9.5.2), though there falsely associated with Greenwich! 

#8538—present location unknown, formerly Colchester, known only from an illustration in the English 
Gentleman's Magazine of 1787—see Delehar, “Illustrations”, pp. 386-388. See also n. App. A:l. 

Various Internet sites, some of dubious quality, can be accessed via google.com under “navicula” and 
“venetiis”. Acceptable copies of a navicula made by Norman Greene can be obtained for just over US$ 100 
from http://renaissance-faire.com/shop/timeless-instruments.htm. The illustrations of #8538 can be inspected at 
Paselk, “Instruments” (www.humboldt.edu/~rap 1/EarlyScilnstSite/Instruments). 

9 Archinard, “Geneva Navicula ”. See also the next note. 

10 This was first pointed out to me by Sven Ruhberg, but the nature of the Geneva piece is actually already 
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“original” construction, far simpler than that of the available texts, and we are at liberty to 
propose for it a different modus operandi, without assuming any additional components. I shall 
refer to this instrument as the “standard” navicula, even though we have only one example 
and no associated texts. As we shall see, if used properly, the “standard” navicula, just as it 
is, can provide an accurate solution for the general case. Also I shall be at liberty to reconstruct 
its modus operandi, since this is not the same as that described in the medieval texts, which 
relate to the different manifestation of the same instrument, represented by the Oxford, 
Greenwich and Colchester pieces. I shall refer to that as the “modified” navicula, because it 
was clearly originally derived from the “standard” variety. See further 6b. 

3 On some basic notions in medieval spherical astronomy and instrumentation 
a) On latitude-specific and universal solutions 

The formulae for solving problems of spherical astronomy serve all latitudes, but the practical 
solutions to these problems can be either for a specific latitude or for all latitudes. As I have 
shown elsewhere, Muslim astronomers continued Hellenistic trend in presenting solutions that 
would serve the whole world, and the instruments and tables that they devised are impressive 
from a mathematical point of view. * 1 Thus, for example, Ptolemy tabulated oblique ascensions 
for each of the seven climates of Antiquity; several Muslim astronomers compiled tables for 
each degree of latitude within a reasonable range, say, 0° to 50°. Likewise, the plates of Greek 
astrolabes were made to serve the seven climates, and Muslim astrolabists made plates for a 
whole range of latitudes; however, they also devised the universal astrolabe serving any 
latitude. 2 

I use the term “universal” to describe any astronomical instrument or table that works for 
essentially all terrestrial latitudes. 3 I use the expression “universal horary dial” to refer to the 
kind of markings found, i.a., on the front of the navicula : they are universal, they serve the 
determination of the equinoctial hours using the exact formula, and they consist of a set of 
fixed horary markings to be used in conjunction with an ingenious movable device with thread 


apparent from Archinard, “Geneva Navicula”. At least the mast scale is in order: the markings correspond to 
the tangent of the latitude multiplied by the distance from the centre to the 12 th hour line. (On the other pieces 
the mast scale is unhappily based on the radius of the circle bounding the horary markings, so that it contains 
a factor depending on the obliquity.) The declination scales are not particularly carefully drawn and merit further 
examination. (At least they are not as different from each other as they are on the other pieces.) Furthermore, 
only on the Geneva instrument is the chord subtended by the side declination scale, which chord is the 12 th hour 
line, properly marked as a scale for the tangent of the declination. 

1 On universal instruments and tables see further Vla-b. Alas the universal horary quadrant was omitted from 
the earlier studies (first published in the 1980s and reprinted in King, Studies, C-VI and VII) on which the new 
versions are based. 

2 On the concept of universality in relation to the standard astrolabe see King, “Geography of Astrolabes”, 
pp. 6-11 and 14-17. On the universal astrolabe and astrolabic plate and for an overview of the recent literature, 
mainly by the Barcelona School, see the article “Shakkaziyya” [= universal projections] in EI 2 , and for the 
medieval European tradition see Poulle, “ Saphea ”. 

3 In some cases the instruments or tables serve all “reasonable” latitudes, by which I mean the range 25°- 
50°. One does well not to get involved with latitudes in the tropics or to get too close to the Arctic circle. 
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and movable bead attached with which one can enter the local latitude and the solar declination. 
This seems preferable to various other expressions in the modem literature, some with good 
historical backgrounds, such as “Uhrtafelchen”, “cadran solaire rectiligne”, “rectilinear dial”, 
“universal sundial”, and “rectilinear altitude sundial”. 

Likewise, I use the expression “universal horary quadrant” to describe the set of circular arcs 
for the seasonal hours best known from the backs of astrolabes but also found on the quadrans 
vetus and the back of the navicula. 4 Here the markings are universal, the purpose solely to 
measure the time of day in seasonal hours, and the form usually a quadrant. Other modem 
expressions, such as “unequal-hour lines”, “unequal-hour diagram”, and “horary quadrant for 
planetary hours”, have tended to obscure the function and the scope of the markings. 

b) On exact and approximate solutions 

Medieval astronomers used two different kinds of procedures for determining time from solar 
and stellar altitudes. 5 The first, by far the most common, involved exact formulae such as we 
shall discuss in 5 and such as underlies the universal horary dial on the navicula. The second 
involved an approximate formula that works very well in Mediterranean latitudes: it serves 
to determine the time in seasonal hours from the instantaneous altitude and the meridian 
altitude. 6 This formula, also trigonometric, underlies the markings on the universal horary 
quadrant, but, as I have shown in a separate study, also other instruments and various tables. 7 
(Another approximate formula, this time arithmetical, was used mainly in folk astronomy and 
does not concern us here. 8 ) In this study, we shall be dealing with the exact procedures possible 
with the universal horary dial and the approximate procedures achieved by the universal horary 
quadrant. 

c) On some implications for astronomical instrumentation 

Exact and approximate markings could be combined side by side or back to front on a 
compound instrument. It was, for example, a good idea to put a universal horary quadrant on 
the back of an astrolabe: the quadrant provides a quick approximate solution for any latitude, 
whereas the front of the instrument provides an exact solution for a set of specific latitudes. 
Likewise, it was a good idea when a 10 th -century astronomer presented two tables for 
timekeeping: one for the latitude of Baghdad based on the exact formula and another for all 
latitudes based on the approximate formula. 9 But components based on approximate procedures 
should not be combined directly. An unhappy combination is found on the quadrans novus, 
on which the approximate markings of a quadrans vetus are directly combined with an accurate 
set of astrolabic horizons for different latitudes. 10 Likewise, one medieval table displaying the 


4 See n. 1:6, and also 9a. 

5 The reader may compare the tables discussed in I and XI. For numerous examples of instruments of each 
kind see now Charette, Mathematical Instrumentation. 

6 The solution is approximate because the formula is approximate, not because it involves the seasonal hours. 

7 See XI 

8 See HI-1.3 and IV-2.4. 

9 1-2.3.1 and 2.5.1, also XI-3.2. 

10 XI-10.3 and IXa-8. 
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time in equatorial degrees for a specific latitude was derived by using the approximate universal 
formula for timekeeping and then converting the resulting seasonal hours to equatorial degrees. 
It therefore displays errors to several degrees, whereas most medieval tables based on the exact 
formula have errors of a few minutes of a degree. 11 

There is a sense in which the universal horary dial and the universal horary quadrant serve 
the same purpose: both are essentially intended only for timekeeping by the sun; 12 both are 
universal, but one is exact and the other approximate; one requires some dexterity, especially 
to arrive at the exact solution, and the other is very easy to use. 

On the universal horary quadrant it was acceptable to add an optional solar scale on the rim 
of the quadrant since this served only to find the meridian altitude from the solar longitude 
or solar date. But it was inappropriate to add a radial solar scale, necessarily latitude-dependent, 
to such a device, for this gave a false impression of accuracy and implied that the markings 
were exact. 13 Thus, Oronce Fine chose to put such a scale for the latitude of Paris on the 
universal horary quadrant of his ivory navicula made in 1524. 14 But the Renaissance 
astronomers who added such latitude-dependent scales do not seem to have realized that the 
use of the universal horary quadrant in northern latitudes was inappropriate anyway. The device 
was invented in latitudes for which it worked rather well, and solar scale was on the rim and 
movable, enabling it to be used universally. On the universal horary quadrant on the Florence 
navicula (Figs. 2c-d and Sections 6c and 10), there is a somewhat inappropriate, fixed 
declination scale for latitude 52° (England? Oxford?). 

I now outline my basic assumptions, to which some readers will surely object. I would first 
maintain that, for well-informed medieval astronomers: 

a) it was important to distinguish between universal solutions and solutions serving a 
single latitude, it being inappropriate to combine them directly; and 

b) it was important to distinguish between exact and approximate procedures, and again 
preferable not to combine them directly. 

Furthermore I would argue that: 

c) the person who first devised a universal horary dial capable of yielding an exact 
solution would have proposed a correct procedure for using it, precisely to produce 
an exact solution; 


11 1-2.3.4 and XI-3.9. 

12 A more complex mathematical device is required for timekeeping for any latitude by the stars, since this 
also involves the sun and various kinds of stellar data must be accessible. Such a device was invented in Baghdad 
in the 9 th century: see now Charette & Schmidl, “Habash’s Universal Plate”, and 13 below. 

The universal horary quadrant can of course be used to find the time of night from the instantaneous and 
culminating altitudes of any star, but the time is then given in “stellar hours” related to the arc of visibility of 
the star in question. Only one medieval astronomer is known to me (1-4.6.1) who used such “hours”. 

13 XI-11.3-4 and IXa-14. 

14 #8533—Milan, Museo Poldi Pezzoli, inv. no. 4277—see Brusa, “Navicelle”, p. 55 and figs. 5-6; and 
Fantoni, Orologi solari, pp. 414-415 (front and back). 

On the illustrations of the navicula in Fimas’ De solaribus horologiis et quadrantibus ... (1560) see n. 
10:9. 
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the universal horary quadrant was added to the back of the navicula (as to the back 
of the astrolabe) to provide a quick approximate solution, the universal horary dial 
(like the front of the astrolabe) providing an accurate solution; 
the persons who wrote on the universal horary dial later without realizing its full 
potential or knowing how to use it properly did not devise it; 
it is unlikely that anyone sat down and devised the “modified” navicula from scratch; 
rather, the “modified” version with its over-complicated construction to produce an 
approximate solution for the general case was produced after the “standard” version, 
with which an exact solution is possible if the device is used properly. 

Finally, I confess that I am at a loss why anyone capable of understanding the use of the 
“standard” navicula would wish to propose a much more complicated procedure to produce 
the “modified” navicula. 

4 Notation used in this study 

In the sequel I shall first explain the theory underlying the universal horary dial on the navicula 
in terms of modem mathematical notation, albeit using functions that are of prime importance 
in medieval (Islamic) timekeeping. 

Muslim astronomers generally used the sine and cosine function to base 60. 1 This produces 
occasional complications (if only for a modem not used to sexagesimal arithmetic), especially 
when multiplying or dividing trigonometric functions. Muslim astronomers generally used base 
12 for the cotangent and tangent functions (corresponding to horizontal and vertical shadow 
lengths). I shall use the standard modem capital notation for medieval trigonometric functions 
to base R = 60, thus: Sin 0 = R sin 0, where 0 is properly an arc and 0 the corresponding 
angle (so the Sine is now a length rather than a ratio), and Vers 0 = R - Cos 0 = R - R cos 
0. Thus the trigonometric functions are now lengths rather than ratios, but in the following 
we shall no longer distinguish between arcs and angles. 

The following notation is used freely: 1 2 
a azimuth (measured from the east- or west-points) 

2? the auxiliary function cos 5 cos <|> 

C the auxiliary function sin 8 sin (j) 

d the excess of the half-arc of daylight over 90° (= D - 90°) 

D the half-arc of daylight (the time from sunrise to midday or from midday to sunset) 

£ the auxiliary function tan 8 tan (|)(= sin d) 

Q the auxiliary function sec 8 sec § 

h the instantaneous solar or stellar altitude 

H the solar meridian altitude (= 90° - (J) + 8) 


280 

d) 

e) 

f) 


1 For overviews of Islamic trigonometry see Kennedy, “History of Trigonometry”; King, “Islamic Trigono¬ 
metric Tables” (unpublished); and Debamot, “Islamic Trigonometry”. A new overview taking into consideration 
the materials in I-II, especially that in 1-9, is a desideratum. 

2 The same notation is used in I and II. 
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H as a subscript relates to the horoscopus or ascendant—see ?i H below 

X the auxiliary function sin h tan 4> (for azimuth calculations) 

L the auxiliary function sin 8 / cos (|) (for azimuth calculations) 

n gnomon length or base for shadow functions (usually 12) 

R base for medieval trigonometric functions (usually, but not always, 60—see above) 

t hour-angle, or time before or after midday, measured in degrees (but marked on 

the scale of the universal horary dial on the navicula in equinoctial or equatorial 
hours) 

t* hour-angle for stars, measured before or after midnight 

T the time of day measured from sunrise before midday or until sunset thereafter (= 

D - t) 

x, y, z independent variables 
a right ascensions 3 

a' right ascensions measured from Capricorn 0° (a' = a + 90°) 
a (|i oblique ascensions at latitude (j) 

8 solar declination 4 

A stellar declination 

e obliquity of the ecliptic 5 

<)) local latitude 

X solar longitude 

X H longitude of the horoscopus or ascendant, that is, the point of the ecliptic 
instantaneously rising over the local horizon 6 
0 independent variable (arc or angle) 


5 Aspects of Islamic astronomical timekeeping 
a) The problem of reckoning time from solar altitude 

The three-dimensional problem of finding t or T—related by T + t = D—from h, 8 and (j) can 
be reduced to two dimensions using a procedure called the analemma and known from Greek 
mathematical astronomy. 1 But Greek astronomy was not geared to astronomical timekeeping. 
In fact, Muslim astronomers learned the procedures for deriving a formula for t(h,8,<|)) or 
T(h,S,<))) from Indian sources, 2 which in turn relied on early Greek mathematical procedures. 


3 See the article “Matali'” [ = right and oblique ascensions] in EI r 

4 See the article “Mayl” [ = declination] in EI r 

5 See the article “Mintakat al-burudj” [= ecliptic, also featuring obliquity] by Paul Kunitzsch in EI 2 , and also 
n. 11:3 below. 

6 See the article “Tali'” [ = horoscopus or ascendant] in EI r 

1 On the analemma see Luckey, “Analemma”, and the more recent literature cited in King, Mecca-Centred 
World-Maps, p. 15, n. 29, etc. (see p. 431 of the index). 

2 See David Pingree’s article “Indian Astronomy”, in DSB, suppl., esp. pp. 571; and also Davidian, “al-Blrunl 
on the Time of Day”; Debarnot, al-Biriinl’s Maqalld, pp. 36-39; and Plofker, “Spherical Astronomy in Medieval 
India”. 
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Yet it was the Muslims who, in the 9 th , 10 th and 11 th centuries, developed such projection 
methods into an art in itself. 

Before investigating the possible Islamic origin of the universal horary dial it is necessary 
for us to appreciate the sophistication of spherical astronomy as practiced by Muslim 
astronomers. Most medieval Muslim astronomers treated the problem of the determination of 
t or T in terms of h, 8 and (|). 3 For example, Habash proposed the following procedure for 
deriving time from celestial altitude: 

T = D - arc Cos { Vers D - [Sin h • [ Vers D / Sin H ] } , 
where: Vers D = R + Sin d , 

formulae known already from Indian sources. 4 His successor in spherical astronomy, Ibn Yunus 
(fl. Cairo ca. 990), who was much indebted to Habash, described in words the following 
procedure (amongst others): 5 

T = d + arc Sin { p - Sin d }, 

where: p = { [ R Sin h / Cos 4> ] - R } / Cos 8 , 

and: Sin d = { [ Sin 8 Sin § / Cos 4> ] • R } / Cos 8 . 

Neither Habash nor Ibn Yunus explain the way in which they derived their formulae or could 
justify them, but these are easily derived from an analemma construction well known to Muslim 
astronomers from the 9 th century onwards. 6 In the early 11 th century, al-Blrunl was equally at 
home with procedures involving projections and the other main tool of the astronomers, that 
is, spherical trigonometry. 7 All of these exact procedures are, of course, mathematically 
equivalent to the modem formula: 

cos t = [ sin h - sin 8 sin <j> ] / [ cos 8 cos <)) ] = sin h sec 8 sec <)) - tan 8 tan <j) . 

b) Islamic auxiliary functions and tables for timekeeping 

Muslim astronomers over the centuries compiled sets of tables of auxiliary functions for 

facilitating the solution of this and other problems of spherical astronomy. (In the following 

discussion the trigonometric functions are reduced to base 1.) From the 9 th and 10 th centuries 
we have tables of the following functions from the localities noted: 8 

sin 8(1) (Baghdad) , cos 8(90°-l) (Baghdad, Khwarizm) , 
tan 8(1) (Baghdad, Cairo, Iran) , 
sin a(k) = tan 8(1) / tan £ (Baghdad, Cairo, Khwarizm) , 

5S(1,<()) = cos 8(1) cos § (Rayy) , 


3 On the topics treated in the typical Islamic zlj or astronomical handbook with tables, of which we have 
over 225 from the period 750-1900, see King & Samso, “Islamic Astronomical Handbooks and Tables”. 

4 MS Istanbul Yeni Cami 784,2, fol. 149r. See already Debarnot, “Zlj of Habash”, p. 48, and also n. 5:13 
below. For more detailed treatments of spherical astronomy by Habash see eadem, al-Blrunl’s Maqalld, pp. 45- 
63; Kennedy & Kunitzsch & Lorch, Melon Astrolabe ; and Kunitzsch & Lorch, “Matalf al-samt”. On the Indian 
origin see the references in n. 5:2. 

5 King, Astronomical Works of Ibn Yunus, formulae 14.1.2 on p. 127, and 15.3.2-3 on pp. 147-148. The way 
in which such formulae are outlined in words is described ibid., pp. 66-67. On Ibn Yunus see my article in DSB. 

6 For references see n. 5:1. 

7 See Davidian, “al-Blrunl on the Time of Day”, and Debarnot, al-Blruni’s Maqalld, respectively. 

8 I-6-7-8. 
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3C(h,(|)) = sin h tan (f> (Baghdad, Cairo) . 

From later centuries we have tables of the following functions for specific latitudes (the digits 
between curly brackets indicate the number of such tables for different latitudes that have been 
identified): 

®(X) {20} , C(X) {17} , Q(X) {4} , %(h) {8} , L(X) {4} , 
and of the following for all latitudes (the associated digits indicate the number of such sets 
known): 

®(M>) {2} , ®( M) {1} , C(X, d) {0} , C(A,<|>) {1} , 

£(x,<t>) { 2 }, 3t(iM>) {i} {i} ,£(a, 4>) {i}. 

In particular, Ibn Yunus appears to have tabulated the very useful function: 

Q(k) = sec 8(X) sec 4> 

(actually = Sec 8(X) Sec 4> / R = R 3 / [ Cos 8(X) Cos 4> ] ) , 
but his table has not survived. 9 

Some astronomers compiled tables for a specific latitude of the functions: 10 

t(h,X) {14} , T(h,H) {7} , a(h,X) {4} , 

and one, Najm al-Dln al-Misrl (Cairo, ca. 1325), even went to the trouble of compiling a table 
of T(h,H,D) for each degree of each of the three arguments, at the cost of computing over 
440,000 entries, which served both the sun and stars and worked for all latitudes. * 11 

In addition, a dozen or so Muslim astronomers compiled tables of auxiliary functions for 
solving problems of spherical astronomy. 12 For example, Habash tabulated the functions: 

Fj(X) = 8,(1) = arc tan { tan e sin 1 } ; 

F 2 (X) = cos 8(90°-l) = cos { arc sin [ cos X sin e ] } ; 

F 3 (X) = cos X / F 2 (X) = cos X / cos 8(90°-X) ; 

F 4a (0) = tan 0 sin e ; and F 4b (0) = tan 0 ; 

and described their use in the conversion of ecliptic and equatorial coordinates. Najm al-Dln 
al-Misrl wrote a series of instructions on the use of his monumental table of the function: 

F(x,y,z) = z - arc cos { vers z - sin y • [ vers z / sin x ] } 
with different arguments to solve all of the standard problems of spherical astronomy. His late 
contemporary al-Khalili (Damascus, ca. 1360) tabulated the functions: 

f (0) = sin 0 / cos (f> ; g <|) (0) = sin 0 tan (|) ; 

F(x,y) = arc cos { x / cos y } , 

which are particularly useful for calculating the time of day or night or of solar or stellar 
azimuths, although al-Khalili was even able to explain how they could be used for conversion 
of ecliptic and equatorial coordinates. 

But it was not only strict timekeeping that was served by these tables, because knowledge 
of the time of day or night is a prerequisite for the practice of mathematical astrology. 13 Another 


9 I-6.7.1. 

10 1-2, 5. 

11 On this table, which can also be used as a universal auxiliary table, see 1-2.6.1 and 9.3*, and more especially 
Charette, “Najm al-Dln’s Monumental Table”. 

12 1-9. 

13 Note that in Habash’s Zlj he treats the problems of determining the time from the solar altitude and 
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function tabulated by Muslim astronomers, albeit infrequently, was the longitude of the 
horoscopus, X H , as a function of the altitudes of specific fixed stars (Qandahar (?), ca. 1000, 
and Baghdad or Damascus before 1215) or of the solar altitude (Taiz, ca. 1300), or at certain 
times of day (Anatolia, before 14 th century); 14 we also find values of useful auxiliary functions 
such as Vers D and Sin H added to the entries in Habash’s star-table in an anonymous recension 
thereof (Baghdad, 1012). 15 

In medieval European astronomical treatises not directly derived from Islamic sources such 
as al-Khwarizml and al-Battanl the problem of reckoning time from solar or stellar altitude 
by an accurate formula is discussed only rarely. There was some interest in the problem, but 
far less than in Islamic astronomy. 16 Any historian of medieval European astronomy would 
get excited if he found any table of the kind indicated above in a medieval Latin or vernacular 
manuscript. In fact, the only one of the above auxiliary tables that appears to have been known 
in Europe, even in Newminster in 1428, is the table of tan 5(A) by al-Khwarizml which ended 
up in the Toledan Tables and which was labelled in Latin tabula differencie ascensionum 
universe terre. 17 European tables of the altitude of the sun at the hours for each zodiacal sign— 
mainly intended for marking vertical sundials—are well known, 18 but less well known are the 
extensive tables compiled by medieval Europeans for finding the solar altitude as a function 
of time, 19 continuing, perhaps unwittingly, the tradition of the more sophisticated (and more 
useful) Islamic tables for finding the time of day as a function of solar and/or stellar altitude. 20 
But the purpose of most of the European tables was quite different from that of the Islamic 
tables; as Geoffrey Chaucer described them: “ tables ...for the governaunce of a clokke”. 21 Some 
served astrological purposes, such as the occasional tables of the longitude of the horoscopus 
as a function of time and solar longitude. 22 Only in the late 15 th century, starting with 
Regiomontanus, did European astronomers begin to compile auxiliary tables, now indepen¬ 
dently of the Islamic tables, but, inevitably, essentially for the same purposes. 23 


determining the ascendant from the time one after the other: see Debamot, “ Zlj of Habash”, p. 48, and n. 5:4 
above. For the stars he treats consecutively the determination of the time from stellar altitude and the 
determination of the ascendant given the degree of midheaven: ibid., p. 56. 

14 I-3.2.1, 3.2.2, 3.1.1, and II-14.2 (also IV-5.3). On the tables for Qandahar see also IX. 

15 1-6.16.3 and also IX. 

16 See, for example, North, Richard of Wallingford, II, pp. 74-76, and also n. 5:19 below. Why does Richard 
of Wallingford give a worked example for latitude 45°?? Surely not, as stated by North, because tan 45° is unity. 
17 1-7.1. See already North, op. cit., II, pp. 12-14, and idem. Horoscopes and History, p. 14. 

18 Zinner, Astronomische Instrumente, pp. 50-51 and 159; North, Chaucer’s Universe, pp. 104-130; and I- 

4, and 1-10.1. 

19 1-10.1-2. None of these tables has been published; see Poulle, Fusoris, pp. 184-185, for some extracts from 
a table for Paris. 

20 All such tables are analysed in 1-1-3. 

21 North, Chaucer’s Universe, p. 87. 

22 1-3.0 and 1-10.2. 

23 For references see 1-10.2. 
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6 The origin of the navicula in medieval England 
a) On astronomical instrumentation in medieval England 

A problem we have to confront when dealing with medieval English instruments is that until 
recently no serious research had been conducted on them (as opposed to texts on instruments 1 ) 
since the time of Gunther, 2 except for Derek Price, who in the 1950s catalogued the instruments 
in the British Museum. 3 A new catalogue of the astrolabes in another important collection, that 
of the National Maritime Museum in Greenwich, is in press; this was prepared by specialists 
in the field. 4 In the past few years, the major collections in Oxford (Museum of the History 
of Science), London (British Museum), Florence (Museo di Storia della Scienza), and Leiden 
(Museum Boerhaave) have put descriptions of many instruments on the Internet site “EPACT: 
Scientific Instruments of Medieval and Renaissance Europe”, 5 but there are medieval English 
instruments lurking elsewhere, in places as close and as far apart as Cambridge, Innsbruck, 
Liege, Milan, Istanbul, Chicago and Washington. And even though descriptions of some of 
our sources are now in the public domain, there are still many questions to be addressed. For 
example, how can we explain the existence of the magnificent Sloane astrolabe, now in the 
British Museum, for which I would accept Gunther’s dating to ca. 1300, 6 although it looks 
as though it belongs at the end of several hundred years of serious concern with astrolabe¬ 
making and rete-design. It is true that in recent years close attention has been paid to three 
14 th -century English horary quadrants for a specific latitude, 7 but nobody has raised the question 
where the genre came from or looked at any relevant manuscripts. 8 In other words, there is 
still no “history of astronomical instrumentation in medieval England” 9 into which one can 
comfortably fit the navicula. 


1 See Gunther, Science in Oxford , V (Chaucer on the astrolabe); Price, The Equator ie of the Planetis (Chaucer 
on the equatorium); and North, Richard of Wallingford (on that scholar’s rectangulus and albion). 

2 1 am thinking specifically of his Early Science in Oxford , II, which contains many good descriptions of 
mainly English instruments. Other medieval English astrolabes were treated in his Astrolabes , II, pp. 463-487. 
Lists of English instruments, many of which were unknown to Gunther, can be found in the table of contents 
to the Frankfurt catalogue (n. 1:13); most of these have been described in detail, but the catalogue is, of course, 
not yet available. 

3 See Price, “Instruments in the British Museum”, ad London BM Catalogue. 

4 See Greenwich Astrolabe Catalogue , forthcoming, and also Greenwich Sundial Catalogue , already available. 

5 See n. 1:1. 

6 #290 - London, British Museum, inv. no. MLA SL54—see Gunther, Astrolabes , II, pp. 463-465 and pis. 
CXXVI-VII (no. 290); King, The Ciphers of the Monks , p. 383 and 389 (on the quatrefoil decoration); and now 
Ackermann, “Sloane Astrolabe”, on the website EPACT. Silke Ackermann also accepts the dating “ ca . 1300”, 
but now writes “English?” instead of “without a shadow of a doubt English”, presumably because the piece 
contains plates for Rome and Paris. 

7 These are mentioned in n. 1:5. See, most recently, Ackermann & Cherry, “Three Medieval English 
Quadrants”. Price (“Review of London BM Catalogue ”, p. 131) thought these were fakes because of the symbols 
for the zodiacal signs on the London piece, however, G. Turner (“Whitwell’s Addition to a 14 th -Century 
Quadrant”) has shown that these were added in the 16th century. 

8 The notion of constructing an axial semicircle on the quadrant to represent solar altitudes at midday and 
then defining the solar scale by the altitudes on that semicircle for the equinoxes and solstices is extremely 
ingenious. See further Charette, Mamluk Instrumentation, II-3.1.1, and also XI-11.3. 

9 1 understand that Catherine Eagleton is currently embarking on a doctoral dissertation on this topic at the 
Whipple Museum for the History of Science at Cambridge University. 
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b) The textual sources 

There is no doubt that the navicula as we know it hails from 14 th -century England. Robert 
Gunther in 1923 made reference to a medieval Latin manuscript, in 1622 in the possession 
of one T. Allen but now lost (?), which contained a treatise entitled De compositione navis, 
quadrantis et cylindre by John Slape, otherwise unknown. 10 MS Oxford Bodleian Bodley 68, 
which contains the text of a Latin treatise on the navicula that was edited by Gunther, was 
apparently in the possession of one John Enderby of Louth, a chaplain, at the end of the 14 th 
century. * 11 In 1976, John North discussed the reference in a medieval Latin manuscript preserved 
in London that the astronomical instrument called navis, probably to be identified with the 
navicula, was invented by a monk named Peter of Muchelney, a Benedictine abbey near 
Glastonbury in Somerset, a man also otherwise unknown to us. 12 

Note added in 2004 : New information on the available medieval English manuscript sources 
is found in a 2003 paper by Catherine Eagleton, listed in the bibliography as “The Navicula 
Sundial”, and yet more is to be anticipated in the same author’s forthcoming doctoral 
dissertation at Cambridge University. 

The author of the surviving Latin text has made his instructions overly complicated, not least 
by choosing a different base for constructing the scale on the mast, namely, the radius of the 
outer circumference rather than the distance from the centre to the middle of the scale for the 
tangent of the declination. The two are related by a function of the obliquity; thus our author 
has to introduce the obliquity in his construction of the latitude scale. But in addition, he has 
provided procedures to modify the declination scales for the bead and for the mast, defining 
functions S^T.) and 8,(7.), both close to 8(7.). As Jan Kragten alone has shown, with the modified 
latitude scale and these two modified declination scales, and the modus operandi described 
in the texts, the device provides an approximate solution for the general case. The combination 
of these modified scales is ingenious, but I make no claim to understand its motivation, 
especially in the light of the existence of the simpler and more elegant Geneva navicula, which, 
if used properly, can provide an accurate solution for the general case. 

I find it hard to imagine anyone who had actually invented the instrument taking this 
roundabout path. And it is hard to imagine anyone who would propose such a roundabout 
construction being competent enough to have invented the markings. But, this having been said, 
it is to the credit of the medieval English author (or his source) that he could adjust the 
construction of the latitude scale to this new base. The purpose of his instructions, however, 
was not so much to produce an individual navicula but rather to produce three templates for 
the construction of naviculasN The Latin and Middle English texts desperately need to be 


10 Gunther, Early Science in Oxford, II, p. 379; also Zinner, Instrumente, pp. 110-111; Price, “ Navicula ”, 
p. 400; and North, Richard of Wallingford, III, p. 114. Neither Slape, nor Enderby nor Muchelney are mentioned 
in the Dictionary of National Biography. 

11 Gunther, Early Science in Oxford, II, p. 40; also Price, “Navicula”, p. 400. 

12 North, ibid., pp. 113-114. The text reads: Navem primitus adinvenit quidam monachus monasterii 
Glastoniensis qui Petrus de Mucheleyo fuit vulgariter cognominatus. 

13 This raises interesting questions about instrument production in medieval Europe. 
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edited again using all of the available manuscripts, translated into English, and provided with 
one commentary explaining the underlying trigonometry, and another attempting to justify it. 

I strongly suspect that there was another text describing the “standard” form of the navicula. 
Perhaps this is even extant in the English manuscripts identified by John North. 14 We shall 
return in 9d-e to other aspects of the three “proper” naviculas (one “standard” and two 
“modified”) in their English context. 

c) The Florence navicula 

My concern now is with the Florence navicula} 5 Is it, too, English? It seems so to me, but 
since it looks just like a trivial modification of an instrument described in a 1434 treatise from 
Vienna I shall consider it again later in my discussion of German dials (10). The instrument 
is at first sight carefully constructed, but the basic horizontal line through the centre of the 
markings of the horary dial has not been drawn. Furthermore, there are no subdivisions of the 
side scale for the tangent of the solar declination. Both of these are in fact unnecessary, since 
the markings correspond to those described in the English texts. 

What might be considered a real lapse of judgement is that there is a fixed solar declination 
scale on the horary quadrant. The underlying latitude is 52°, which was possibly intended for 
Oxford, rather than, say, somewhere in Northern Germany. 16 It is, of course, somewhat absurd 
to provide a solar declination scale on a universal horary quadrant, although this variant of 
the universal horary quadrant, that is, one provided with a fixed cursor (also mentioned in the 
9 th -century Baghdad text on the instrument 17 ), but we should keep in mind that on this piece 
there are no special markings for cities on the mast. (It would nevertheless have been a better 
idea to put a special mark for 52° on the mast.) 

Another argument in favour of an English origin is that, as prescribed in the English texts 
and on the three “new” English naviculas the first four hours are divided into three parts, the 
fifth into two and the sixth is too narrow to be subdivided. 18 Also some of the markings have 
not been completed, for example, the inscriptions on the latitude scale and the solar declination 
scale on the universal horary quadrant (there is, of course, already a calendrical declination 
scale elsewhere on this side of the instrument, and it would have been un peu de trop to have 


14 See n. 2:4. 

15 See n. 1:4 and also 10. Even Fantoni thought it might be German, because of the declination scale for 
latitude 52°—see his Orologi solari, p. 411. 

16 My reason for being inclined towards and English provenance is that I would expect a North German 
instrument to look a bit different. Unfortunately we have only one medieval example, a quatrefoil astrolabe from 
Einbeck, near Brunswick, which is undated but can be assigned to the period 1322-42, during which time the 
maker Ludolfus de Scicte was treasurer of the Cathedral in Einbeck, which position is mentioned in his signature: 

#2072—Cracow, Jagiellonian Museum, inv. no. 41/V—see Hartel, “Ludolfus Borchdorp de Brunswik”. 

But before we dismiss Germany outright, it should be borne in mind that the only other quadrans vetus with 
some sort of markings for a fixed latitude is found on the 16th-century North German instrument illustrated 
in Fig. IXa-7a, which, in addition to the movable cursor, has a mark for the upper limit of the cursor for the 
8th climate (but the underlying latitude is 54°!). 

17 See n. 1:6 above. 

18 On the Oxford piece each of the first five hours is divided into two. In the 1434 German manuscript there 
are no subdivisions. 
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included a second set of the same inscriptions). It is in order that there be no numbers associated 
with the horary markings because these are clearly identified by a decorative ❖ (perhaps 
inspired by the + signs on the hours on all of the English naviculas). I know of no other medieval 
instruments featuring the + or ♦> design identifying the hours on an horary scale, although some 
astrolabes in the Chaucer tradition use the 23 letters A-Z with a cross of the “potent” variety 
having serifed extremities * at the top to represent 0 and/or 24. 19 

d) More on the English context 

These references and instruments attest to the English milieu in which the navis/navicula was 
introduced, but I may be forgiven for having severe doubts whether an otherwise unknown 
English monk could have conceived an instrument as sophisticated as the navicula in a monastic 
environment. It is, however, a fact that the navicula now in Greenwich was actually found 
buried on the grounds of Sibton Abbey, a Cistercian establishment near Saxmundham in 
Suffolk. 20 Whether there were any monks or anyone else in England in the late 13 th or 14 th 
century who might, say, have been familiar with, say, the translation of Ptolemy’s Analemma 
by William of Moerbecke in the 13 th century, I leave for others better qualified than myself 
to probe. 21 But to devise the universal horary dial on the navicula, one needs a lot more 
trigonometric skill than that necessary for deriving trigonometric solutions from analemma 
constructions. Certainly John Slape did not invent the cylindrical sundial. 22 It is a mute point 
what kind of quadrant he might have presented in his treatise: a trigonometric quadrant? 23 A 
quadrant with horary markings for a specific latitude? 24 A quadrans vetusl 25 Certainly also 
neither John Slape nor Peter of Muchelney invented the universal horary quadrant or the shadow 
square which are the other main components of the navicula (see 9) and, of course, of the 
quadrans vetus from the 9 th century. 

e) Why de Venetiisl 

First, we should consider the possibility that it was not the Wenetii, the Venetians, who were 
originally intended. After all, one might expect the Venetians to be called Venetiani rather than 
Venetii. The name derives from that of the Veneti, a tribe who inhabited the coastlands of the 
Northern Adriatic before the Roman occupation. Is it possible that navicula de Venetiis in the 


19 See King, Ciphers of the Monks, pp. 305 and 308, and p. 184 on cross-varieties. (The 23 letters are as 
in the modern English alphabet, but with no J, V for U/V, and no W.) 

20 On this navicula from a monastery see IX-3, corresponding to King, “Aspekte”, p. 141. 

21 It was John North (in “Review”, col. 749, see also his Richard of Wallingford, III, p. 113) who raised this 
interesting possibility. But the principle of the universal dial on the navicula is not based solely on an analemma. 
For an horary dial by Bedos de Celle (Paris, 1760) for a fixed latitude which is based on an analemma see Rohr, 
Sundials, pi. 37 on p. 96. 

22 The conical sundial was first described in 9 th -century Baghdad but the accompanying table of shadow 
lengths serves a cylindrical sundial—see Figs. XI-4.1c-d. 

23 See King, “al-Khwarizmi”, pp. 28-29, Lorch, “Sine Quadrant”; and Charette & Schmidl, “al-Khwarizmi 
on the Astrolabe”, forthcoming . 

24 See King, op. cit., pp. 30-31. 

25 See n. 1:6. 
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Latin text was already a mistake before it was rendered “lytel shippe of Venyse” in the 14th- 
century Middle English translation of that Latin text? The expression navicula de Venetis (with 
one i rather than two) would refer to a completely different scene: I have wondered whether there 
might have been in medieval English folklore—as there was in Roman Britain—some conception 
of the ships of the second tribe called Yeneti, a Celtic tribe of ancient Gaul (not unrelated to the 
original Veneti, as it happens). These Veneti inhabited an area of Brittany now in the Departement 
of Morbihan and had a fleet in the Gulf of Morbihan. In 57 B.C.E. they rebelled against Roman 
rule and were decisively defeated the next year by Julius Caesar in a naval battle, in which, 
according to his own account in De bello Gallico, they lost 220 ships. 26 In spite of the details 
given by Caesar the form of these remains to some extent conjectural; two were rediscovered by 
a diver on the bed of the Gulf in the 1950s but then lost to archaeology as a result of human folly. 27 
But before I stand accused of the same, we should return to safer ground. 

There is a possibility that the form of the ship for the instrument bearing the universal horary 
dial might have been suggested by a misunderstanding or an over-elaboration of an Arabic term 
for the movable latitude rule as “the mast of a ship” (see further the end of 14), but here we 
are again grasping at straws. It seems much more likely that the ship connection first occurred 
in Europe, most probably in England. We have already noted the use of navis without reference 
to the Venetians. John North has pointed out that the Venetii in the expression navicula de 
Venetiis can refer only to the Venetians. 28 But why did the English choose the Venetians? 
Perhaps the design was inspired by an English Crusader who had passed through Venice or 
had seen a Venetian ship somewhere in the Mediterranean. The expression “ de Venetiis ” could 
also mean “as used by the Venetians”, but there is no evidence that any universal horary dial 
was in use there. And even if Ellis Peters’ worthy monk Cadfael, who had a good eye, came 
back to England from his adventures and escapades in Syria by way of Venice, he is too early 
for our purposes (Ellis put him into the early 12 th century). No other personage comes to mind. 29 

There is a vast literature on medieval ship-design that I have not consulted, save for a recent 
book on Venetian ships. Lillian Ray Martin of Austin, Texas, who is at once an art historian 
and a marine archaeologist, has collected over 150 representations of ships and boats in 
medieval and early Renaissance art—paintings, scuptures, frescoes, mosaics, engravings, 
manuscript illuminations, etc. —from museums, churches, libraries and public buildings in 
Venice and the surrounding region. 30 See Fig. 6a for an example. 

But not only the Venetians had such ships. A merchant ship with high foc’s’ls fore and aft 
is depicted in stone in the palace at Bourges of Jacques Coeur (1395-1456), the wealthy French 


26 On the Veneti and their ships see Oxford Classical Dictionary, p. 941, and Craig Weatherhill, “The Ships 
of the Veneti”. See also Muckelroy & Haselgrove & Nash, “A Pre-Roman Coin from Canterbury with Ship”. 

27 Weatherhill, op. cit., p. 169. 

28 North, “Review”, col. 749. 

29 Though see n. 14:17 below. 

30 Martin, Art and Archaeology of Venetian Ships and Boats. See also F. Lane, Venetian Ships of the 
Renaissance, and Congdon, “Venetian Ships (c. 1400)”. In this new age, one can actually take a trip on such 
a vessel: see www.crete-web.gr/cruises/captainhook. On Mediterranean ship-types in general see Villain- 
Gandossi, “Typologie des navires”. 
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Fig. 6a: A Venetian nave illustrated in the treatise on seamanship by Zorzi Trombetta of Modon (1444); the 
central main mast has not been drawn, but would have been essential. [From a British Library manuscript, 
reproduced in Martin, The Art and Archaeology of Venetian Ships and Boats, p. 89.] 

Figs. 6b-c: The seals of Dunwich (ca. 1200) and Winchester (13 th century) feature not only a ship with foc’s’ls 
fore and aft but also the crescent moon and a star (depicted as a wheel in the former). In the latter, the two 
figures on the foc’s’l aft are presumably trumpeters, rather than sky-watchers (!). [From Kiedel & Schnall, eds., 
The Hanse Cog of 1380, pp. 65 and 79.] 

Fig. 6d: A copy of a badge from the late 14 th century celebrating Thomas a Becket’s return to England in 1170 
after six years exile in France. Within four weeks, he was murdered in Canterbury Cathedral. He is shown aboard 
a square-rigged clinker-built cog, standing to the left of the mast and raising his hand in blessing. [Purchased 
at the giftshop at Canterbury Cathedral in January, 2004; photo courtesy of Dr. Martin Schmidl] 


merchant who served as councillor to Charles VII of France. 31 Also, the spectacular ship of 
the same kind in silver and partly gilt, made in Nuremberg in 1503 and owned by Wilhelm 
Schliisselfeld (1483-1549), is now in the Germanisches Nationalmuseum in that city. 32 More 
to the point, perhaps, is that such ships were known in England, as shown, for example, by 
the medieval seals of Dunwich and Winchester illustrated in Figs. 6b-c, as well as the pilgrim’s 
badge from Canterbury shown in Fig. 6d. 

In short, the expression de Venetiis remains a mystery. 


7 The use of the universal horary dial on the “standard” navicula 

The universal horary dial on the navicula has four scales. The first scale is on the mast: a cursor 
with a thread and bead can move in a groove to enter the latitude (Fig. 7a). There are two 
declination scales, the lower one for setting the mast according to the solar declination, and 
the one at the side for setting the bead in position on the thread again according to the solar 
declination. One feeds in the solar longitude on a non-uniform scale on a kind of fixed cursor 
in the form of a circular arc of about one-half of a quarter circle, and the declination is shown 
on an attached uniform scale (Fig. 7b). Both declination scales on the navicula are identical 


31 See J. Evans, ed., The Flowering of the Middle Ages, pp. 210-211. 

32 See Nuremberg GNM 1992-93 Exhibition Catalogue, II, pp. 789-790 (no. 4.4), also featured on the covers 
of the two volumes, and Washington 1992 Exhibition Catalogue, pp. 238-239 (no. 137). 
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a 



b 


Figs. 7a-c: Details of the Geneva navicula (#8537) 
showing part of the latitude scale on the mast (a), the 
lower declination scale (b), and the side declination 
scale with the special scale for the tangent of the 
declination (c). Parts of the horary markings are 
visible on the second and third of these. [Photos by the 
author, courtesy of Sotheby’s, London.] C 




to those on the universal horary quadrant, first described in 9 th -century Baghdad and better 
known from the medieval Latin quadrantes vetera and novi, although the one at the side of 
the main markings has an additional scale on the chord joining its ends, which is the scale 
that actually has to be used (Fig. 7c). This second declination scale defines the 12 th -hour line 
(midday), and its distance from the central vertical (6 th hour) defines the base for the underlying 
trigonometry. On the fourth scale the hour-lines are drawn and numbered from midnight on 
the left to midday on the right (see Figs. 7b and 7c). 

To use the instrument, we first set the cursor on the mast to the latitude. Then we rotate 
the mast to the solar declination on the lower scale. Next we set the bead on the thread at the 
solar declination on the side scale. When the instrument is tilted so that the rays of the sun 
pass through the hole on the upper sight and fall on the corresponding part of the lower sight, 
the inclination of the horizontal axis of the instrument measures the solar altitude. The bead 
then falls on the appropriate marking of the hour-scale. The markings can also be used for 
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timekeeping by stars whose declination is less than the obliquity of the ecliptic. The “time” 
measured is time relative to the culmination of the star on the meridian. 

Now the way in which these scales are used is critical for the correct application of the 
instrument. When the latitude-cursor is set on the mast the bead must first be set so as to rest 
at the base of the mast. Then when the mast is turned so that its inclination to the vertical 
axis of the instrument corresponds to the solar declination, the bead will hang slightly below 
the horizontal axis. The latitude-cursor must then be moved slightly upwards on the mast so 
that the bead falls on the horizontal axis again. Next when the thread and bead are moved 
to the side declination scale, the bead must not be laid on the declination scale itself, but rather 
on the graduated vertical line segment whose divisions are defined by the scale. 

The following is a free translation of the appropriate part of the Latin and Middle English 
instructions on the use of the other manifestation of this device: 33 

“On the mast you can set the instrument to whatever latitude you wish. When you 
want to find the hour of day first check that the 12 signs on your calendar scale are 
correctly set forth. Then look at the distance in degrees and signs of the sun from the 
equinox(es) and solstice(s), and put the mast there. Then hold the thread at the same 
degree which is on the circular line on which this degree does have or should have* 
its contact, leading** the pin in the cursor of the mast till the bead is on top of the 
line of the 12 th hour. 

* habet vel haberet / hath or shulde haue ** circumducendo / there.aboutledinge 

These instructions do not call for the fine tuning I have proposed because the horary dial has 
been constructed according to a different procedure. 

We may presume that the maker of the Geneva navicula was fully aware of the existence 
of two types of universal horary dial, for he may well have made the Colchester navicula, which 
represents the other tradition. But we may wonder whether there was a second textual tradition 
in medieval England, documenting the kind of navicula represented by the Geneva piece and 
perhaps proposing the usage I have suggested. Or perhaps no-one knew that such an instrument 
as the Geneva piece could yield an accurate solution, if used properly. As already noted (6b), 
there are texts available that have yet to be consulted. 

In any case, it is hardly surprising that the use of the universal horary dial on the navicula 
has been misunderstood by modem investigators, with the result that without exception they 
have regarded this function of the instrument as approximate. The errors introduced by not 
adjusting the latitude cursor and by using the wrong part of the declination scale are, of course, 
minuscule on an instrument which one can hold in the palm of one’s hand, but my point here 
is that no-one would go to the trouble of designing a brilliant computing device with which 
an exact solution can be achieved and then himself advocate an approximate procedure for 
using it. That thereafter others might not have understood the instrument and might themselves 


33 Compare Gunther, Early Science in Oxford, II, pp. 378-379, with Price, “ Navicula ”, pp. 406-407, and the 
commentary in Kragten, “Navicula”. It is a pity that neither version of the medieval text is available in plain 
English, and that the commentary is not generally accessible. 
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have proposed a simplified procedure for deriving an approximate solution with it, is another 
matter. And that someone would propose a device using three sets of modified scales that could 
yield only an approximate solution for the general case I find completely bewildering. 


8 On the mathematics underlying the universal horary dial on the “standard” navicula 

The formula underlying the operation of the dial can be derived from an analemma 
construction, 1 yet the means of application of this formula does not result only from an 
analemma or any other kind of projection. 2 For it involves a mathematical device for generating 
mechanically two auxiliary functions of medieval (Islamic) timekeeping, namely, £ = tan <j) 
tan 8 and Q = sec sec 8. Once this has been done, one can solve with a minimum of effort 
what has been reduced to a very simple relation between t and h, namely: 

cos t(h,S,<))) = sin h • Q - £ . 

With the universal horary dial on the navicula and the correct procedure for its use, the 
determination of t(h,8,c» is thus achieved. It remains to show how this fits within the framework 
of early medieval Islamic astronomy. It is not difficult to justify trigonometrically the accurate 
procedure of the universal horary dial on the navicula, for it is, in fact, essentially identical 
with that outlined by Regiomontanus for his horary dial. 3 But in order to understand the 
instrument better, it is necessary to consider the steps in which the inventor might have designed 
it. 

We turn to the ingenious trigonometric procedure used by the inventor of the universal horary 
dial on the navicula, bearing in mind that we are interested to generate the two functions £ 
= tan <|) tan 8 and Q = sec (J> sec 8. He has exploited a lemma (see Fig. 8a): 

Given a triangle OAB right-angled at O, a point C on the perpendicular to OA at A 
such that AC < OB, and a triangle OCD right-angled at O constructed on OC, in such 
a way that BD be parallel to OA, then triangle OCD will be similar to triangle OAB. 

This is not attested elsewhere in Ancient or medieval mathematics, but the proof is 
straightforward. 4 Now in a right-angled triangle OAB with horizontal base OA =1,0 = 90°, 
and A = <)), we have OB = tan 4> and AB = sec <|> (see Fig. 8b). If we then rotate OA by an 
angle of 8 and extend it to OC so that AC is vertical, then AC (on the vertical declination scale) 
measures tan 8, and OC = sec 8; furthermore, with the triangle OCD similar to OAB we have 
BD = tan (f tan 8 = £ and DC = sec <|> sec 8 = Q. In this way we have generated the auxiliary 
quantities £ and Q. The procedure is elegant as well as simple and efficacious. The author of 
the Latin text from 14 th -century England complicated matters substantially when he used a base 


1 See n. 5:1 above. 

2 Contra North, “Review”, col. 749. 

3 See n. 2:2. 

4 Dr. Jan Hogendijk proposed the following simple proof. Since ZBOA = Z DOC, we have Z COA = Z 
DOB (1). Also Z A = Z B = 90° (2). By (1) and (2) As COA and DOB are similar, so OA:OC = OB:OD, hence 
OA:OB = OC:OD (3), also Z BOA = Z DOC (4), and by (3) and (4) As BOA and DOC are similar. Q.e.d. 
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Fig. 8a Fig. 8b 




other than OA, namely, OC, for the construction of the latitude scale, and then generated two 
different scales for the declination to produce a different, approximate device. 

Now on the universal horary dial on the navicula, we have set the cursor on the latitude scale 
to (|> in position B (see Fig. 8c), with the bead of the vertical thread set at O, and when we 
rotate the mast by 8 (here > 0) to ON the cursor moves from B to E and the bead hangs below 
the horizontal OA. In order to bring the cursor to D we simply have to move it on the latitude 
scale so that the bead is again precisely on the horizontal OA. We now move the cursor to 
the point C on the vertical scale AC measuring tan 8. Then the cursor is at distance BD = £ 
from the “vertical” on the navicula (that is, the central position of the mast) and the bead at 
distance DC = Q from the appropriate point C on the vertical tan 8(A) scale. We now tilt the 
navicula till OA is aligned with the sun (see Fig. 8d), and the thread with the bead indicating 
Q will fall at an angle h to the “vertical” axis of the navicula. The bead will then be at 
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Q • sin h from this “vertical”. The algebraic difference between this and £ equals cos t, so 
the bead will indicate the appropriate time of day on the horary markings. 

Now what is the relationship of all this to the procedure of, say, Habash (5a)? It suffices 
at this stage to point out that his ratio Vers D / Sin H is our auxiliary function Q, and his Sin 
d is our £ (5b). Also the secant function was more widely known in Islamic astronomy than 
has been realized hitherto, 5 and the (co)secant function is tabulated in the Berlin manuscript 
of Habash’s magnum opus. 6 

9 The other markings on the navicula 

a) The universal horary quadrant 

On the right-hand side of the back of the naviculas we find a standard universal horary quadrant 
with arcs of circles for each of the seasonal hours from 0 (sunrise/sunset) to 6 (midday) and 
an altitude scale running from 0° at the bottom to 90° at the side. These are precisely the 
markings on the “quadrans vetus ” from 9 th -century Baghdad, * 1 also found on various Islamic 
astrolabes from the 10 th -century 2 and many—but by no means all—later Islamic and European 
astrolabes. With only the unmarked alidade these markings serve to find the time of day from 
the instantaneous solar altitude and the solar meridian altitude, for any time of the year and 
any terrestrial latitude. Now the underlying formula is approximate, but the errors are small 
for latitudes in the Mediterranean region, and more substantial in Northern Europe. Indeed, 
for England the error can reach as much as 20 minutes. 

If one puts a universal horary quadrant on the back of an astrolabe it is in a sense to double 
the potential universal application of the instrument. The plates for a series of latitudes— 
originally for each of the seven climates of Antiquity—provide accurate measures of the time 
of day in equinoctial or seasonal hours “universally”, 3 and the horary quadrant provides a very 
convenient approximate measure of the time of day in seasonal hours universally. Likewise 
the universal horary quadrant was put on the back of the navicula to provide a second, quick 
alternative to measuring the time of day in any latitude, this time in seasonal hours. If I seem 
to be repeating myself, it is because I wish to stress this point. 

b) The shadow square 

On the left-hand side of the back of the navicula we find a shadow square with separate scales 
for horizontal and vertical shadows to base 12 (respectively for h < 45°). This is one of a series 
of shadow scales first introduced in 9 th -century Baghdad. 4 Greek astrolabes, and with them the 


5 1-6.7-9, also 8.4 and 9.2. 

6 Kennedy, “Zij Survey”, p. 151b. The cosecant function was known to the earliest Muslim astronomers 
(already in the 8th century) from Indian astronomy: see XI-2.1. 

1 See n. 1:6. 

2 See, for example, Fig. Xlla-lOa. 

3 See n. 3:2 above. 

4 On shadow scales see n. 1:6. 
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earliest Islamic astrolabes, bore no more than a single altitude scale and an alidade on the 
back. 5 The shadow square was widely used on Islamic and European astrolabes and other 
instruments. 

c) On the combination of universal horary markings and shadow square 

Since the Baghdad treatise described a quadrant with both universal horary markings and a 
shadow square , superposed one on top of the other, these two components went hand in hand 
in later astronomical instrumentation. This is why we find them both—together—on the 
quadrantes vetus and novus and—separate—on the navicula. 

d) The calendrical data 

On the three English naviculas from the same workshop and in the English treatise on the 
navicula in Latin (the Middle English version is missing this part) we find a list of dates in 
the solar year when the sun enters a given zodiacal sign (see Fig. 9a). 6 These data can be 
summarised as follows: 

Month 12 123456789 10 11 

Day 13 11 10 12 12 13 13 15 15 15 15 14 

signs ^ ^ x 

These dates correspond precisely to the days when the sun at midday has longitude 0;n° (0 
< n < 59) in the Kalendarium of Nicholas of Lynn, compiled in Oxford in 1386, 7 which may 
or may not be the source. This work was known and used by Geoffrey Chaucer (d. 1400). 8 

e) The geographical data 

Finally, the latitudes of various cities in England are engraved on the backs of the masts of 
the same three naviculas (see Fig. 9b). Similar data from the same common source are also 


5 No shadow scales are known from Greek astrolabes or Greek texts on the astrolabe. The absurd shadow 
squares on the 1062 Byzantine astrolabe: 

#2—Brescia, Museo dell’Eta Cristiana, inv. no. 36—see Gunther, Astrolabes , I, pp. 104-108 (no. 2), after 
a 1926 study by O. M. Dalton 
are a later addition. 

6 Such scales first appear on Islamic instruments in the 10th century but are rarely found thereafter. We may 
cite: 

#1130—undated astrolabe by Nastulus (Baghdad, ca. 925)—Cairo, Museum of Islamic Art, inv. no. 15351— 
unpublished; see King, “Geography of Astrolabes”, pp. 29-31. 

#107—astrolabic plate with inscriptions in Arabic and Coptic by Hasan ibn c All, dated 681 H [= 1282/83] 
(Cairo)—Oxford, Museum of the History of Science, inv. no. LE 2019 (new 49861)—see Gunter, Astrolabes , 
I, pp. 239-240 (no. 107); and Mayer, Islamic Astrolabists , p. 46. 

#4036—astrolabe with inscriptions in Arabic and Coptic by Hasan ibn c Umar al-Naqqash, dated Cairo, also 
681 H [= 1282/83]—Istanbul, Turk ve Islam Eseleri Miizesi, inv. no. 2970—unpublished; see King, Mecca- 
Centred World-Maps , pp. 76-78. 

7 Eisner, ed., Kalendarium of Nicholas of Lynn , pp. 64-65, etc. Similar lists can be extracted from other 
medieval almanacs or reconstructed from the calendar scales on medieval instruments. The values in the Calendar 
of Cordova (ca. 950) have been shown in Viladrich, “Mumtahan Influence in the Calendar of Cordova ”, to be 
derived from tables used in 9 th -century Baghdad. On Zacut’s table which gives times of entry into the signs 
to seconds see Chabas & Goldstein, Zacut , pp. 45-47, 56 and 109-110. 

8 Eisner, ed., Kalendarium of Nicholas of Lynn , p. 2 (intro.), and North, Chaucer’s Universe , p. 87, etc. 
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Figs. 9a-b: Parts of the calendrical data and the geographical data on the Geneva navicula (#8537). [Photos by 
the author, courtesy of Sotheby’s.] 

Fig. 9c: The geographical information on three of the plates of this medieval English astrolabe (#4546) is from 
the same source as that on the three medieval English naviculas. [Photos by the author, courtesy of the Tiroler 
Landesmuseum Ferdinandeum, Innsbruck.] 


used for the plates of two 14 th -century English astrolabes now preserved in Innsbruck and 
London (see Fig. 9c). 9/10 The latitudes may also be compared with those given in a 15 th -century 
English geographical table associated with William Worcester (b. 1415, WW below), which 


9 #4546—Innsbruck, Tiroler Landesmuseum Ferdinandeum, inv. no. 2957—see King, “Astronomical Instru¬ 

mentation between East and West”, pp. 168 and 189, and idem , Mecca-Centred World-Maps , p. 352, n. 
94. 

10 #298—London, British Museum, inv. no. 1914 2-19 1—see Gunther, Astrolabes , II, p. 474 (no. 298), and 
London BM Catalogue , p. 113 (no. 327). 
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includes some remarkably accurate local coordinates from what John North has hypothesized 
as a 12 th -century source. 11 Details follow: 


Location 

Greenwich 

Geneva 

Colchester 

Innsbruck 

London 

WW (no.) 

modern 

York 

53;40° 

53;40° 

53;40° 

53;40° 

54° 

53;40° (202) 

53°58' 

Northampton 

52;50 

52;20 

52;20 

52;50 

- 

52;50 (193) 

52°14' 

Oxford 

51 ;50 

51 ;50 

51;50 

- 

52 

51;50 (174-6) 

51°46' 

London 

51;34 

51 ;34 

51 ;34 

51 ;34 

- 

51 ;34 (164) 

51°30' 

Winchester 

51; 0 

51; 0 

- 

- 

- 

50; 15 (151) 
50;25 (152) 

51°04' 

Exeter 

- 

- 

51; 0 

- 

- 

51; 0 (155) 

50°43' 

Nottingham 

- 

- 



53 

53; 0 (195) 

52°58' 

Berwick 

- 

- 

- 

- 

56 

56;50 (207) 

57; 0 (208) 

55°46' 

Newcastle 

- 

- 

- 

55 

55 

55; 0 (205) 

54°59' 

Dover 

- 

- 

- 

- 

51 

50;40 (153) 

51°08' 


The frequency of occurence of such data on a group of instruments can be taken as a guide 
to their provenance. 12 Here the most likely locations for the navicula workshop are London, 
York and Northampton, and perhaps also Oxford although this is omitted from the Innsbruck 
astrolabe. I suspect that the choice of cities featured on any new instrument depended entirely 
on the whim of the maker on the day he turned his attention to this feature on the instrument. 13 

These data should be compared with those in other unpublished medieval English geographi¬ 
cal tables. 14 If their source could be identified, this might constitute an important contribution 
to the history of the universal horary dial in its medieval English manifestation. If North’s 
hypothesis about a 12 th -century origin of these data is correct, a possible candidate for 
instigating such accurate measurements would be c Abd al-Maslh, active in Winchester in the 
2 nd quarter of the 12 th century, 15 although the latitudes used in our sources for that city in 


11 The list occurs in MS Oxford Bodleian Laud Misc. 674, fols. 73r-74r, copied in 1438. See further North, 
Horoscopes and History , pp. 186-195. On William Worcester see idem , Richard of Wallingford , III, p. 242. 

12 King, “Geography of Astrolabes”, pp. 5-6, now in XVI-1. 

13 The reader will observe that my interpretation of these data is quite different from that in Higton, Portable 
Sundials , p. 30, where it is suggested that the choice of cities was that of “a rich man who could commission 
an instrument exactly to his requirements”. A similar situation can be recognized with the three Safavid Mecca- 
centred world-maps (see n. 17:5 below and also Vile): there either the maker(s) had access to a copy of a 15th- 
century geographical table containing about 275 sets of coordinates from which they selected some 150 each 
time, but not always the same subset, or the maker of the original from which these copies were made had included 
already on his instrument a larger subset which guided (and restricted) the choice for the later instrument- 
makers). 

14 Alas there is for medieval European sources no equivalent to Kennedy & Kennedy, Islamic Geographical 
Coordinates. One could start a search for the sources of the English data by looking at the geographical table 
in MS Oxford Bodleian Bodley 68, fol. 39r: see already Gunther, Early Science in Oxford , II, p. 40. Notice 
that the medieval latitude values are far better than those that can be measured on the Anglice figura , a map 
of the British Isles prepared ca. 1534-46 (London BM 130767—copy available at the British Museum giftshop). 

15 See n. 14:17. Note that Rudolf of Bruges in 1144 made an error of about 1/4° in his determination of the 
latitude of Beziers using an astrolabe (Lorch, “Rudolf of Bruges on the Astrolabe”, p. 90). 
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particular (51;0°, 51;15°, 51;25°, accurately 51°04') are somewhat confused. These data for 
cities in England were still in use on astronomical instruments in Elizabethan England. 16 

10 Universal horary dials in the German tradition 

Some half a century ago Ernst Zinner discussed the different treatises from the German milieu, 
apparently mainly Vienna, dealing with the universal horary dial not in the form of a ship. * 1 
Unfortunately he did not question Gunther’s classification of the Oxford navicula as German, 
so he got off to a very bad start, and two full pages later was still looking for an “Ubergang 
von der Herstellung eines Venedigerschiffes zu der des Uhrtafelchen Regiomontans”. 

Here a brief summary of Zinner’s findings must suffice. The reader will have noted that one 
of the main problems associated with the English navicula is that it was clearly inspired by 
a device that was not in the form of a ship; yet the German tradition apparently post-dates 
the English tradition in which the ship-form predominates. 

The earliest treatise, extant in four copies the earliest of which is dated 1434, is anonymous: 
the instrument described in it is illustrated in Fig. 10a. It is in the form of a circular disc, and 
does have a horizontal diameter; there is a double solar longitude/calendrical scale protruding 
below the disc. The side declination scale is not shown in the illustration and is not mentioned 
in the text. Zinner assumed that it was to be on the 12 th -hour line. The modus operandi that 
he prescribes is that of the approximate solution advocated in modem writings on the navicula. 

The Florence navicula (Figs. 2c-d and Section 6c), unknown to Zinner, is essentially of this 
kind with the empty space swept by the mast removed, and the lower declination scale is marked 
for the zodiacal signs on the front and the months of the year on the back. Also it lacks the 
necessary horizontal diameter. However, the solar scale on the universal horary quadrant on 
the back fixed at 52° argues against a German ( i.e . Viennese) provenance. 2 3 

In 1457 Regiomontanus wrote on an organum Ptholemei aut quadratum horarium, the 
principle of which he himself stated that he had taken from an earlier author who does not 
sound like someone a couple of decades earlier: Regiomontanus refers to him as an antiquus 
compositor? The instrument is now in the form of a rectangle with sights on the top and a 
shadow square in the lower right. The dial has a vertical declination scale on the right-hand 
12 th -hour line. A rotatable arm attached at the centre of the horary markings, with a cursor for 
setting the latitude, can move over a curved declination scale at the top. Unless there is some 
“fine tuning” with the bead on the thread, which is not mentioned by Zinner, the solution will 
not be accurate. 

Zinner thought that one of a series of texts copied ca. 1471-86 and entitled Organum ptolemei 
ad multas provincias might be a complete or partial version of a treatise by Georg Peuerbach 
(1423-61) entitled Extensio organi Ptolemei pro usu horarum germanicarum ad omnia climata. 


16 Turner, Elizabethan Instruments, pp. 58-59, and pp. 148-149 of my review. 

1 Zinner, Astronomische Instrumente, pp. 111-117. 

2 See nn. 1:4. 

3 On the sources of Regiomontanus’ trigonometry see North, Richard of Wallingford, II, p. 31. 
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SCALA LATITVDINVM . 



Fig. 10b: Regiomontanus’ own illustration of his 
Quadratum horarium generale or Uhrtafelchen. [From 
Zinner, Astronomische Instrumente , p. 114.] 

^— 

Fig. 10a: The illustration of the universal horary dial 
in the 1434 treatise. The horizontal diameter is cor¬ 
rectly present. The side declination scale is not shown 
and is not mentioned by Ernst Zinner in his description 
of this instrument. Note that the instrument is called 
an organum , and apparently the text indicates that this 
is because it resembles a musical instrument. [From 
MS Munich BSB lat. (= Clm) 5418, from the Zinner 
Archive, Institute for History of Science, Johann 
Wolfgang Goethe University, originally courtesy of 
the Bayerische Staatsbibliothek, Munich.] 


In 1474 Regiomontanus presented his Uhrtafelchen : see Figs. 10b. The earliest known 
example dates from ca. 1485, being attributable to the Benedictine monk Hans Dorn, who 
worked in Vienna and Buda: see Figs. 10c-d. 4 With Regiomontanus’ splendid instrument, the 


4 #5524 = #8513—Bielefeld, Kunstgewerbesammlung der Stadt, Stiftung Huelsmann, inv. no. HW 97—see 
Bielefeld Catalogue , pp. 69-70 (no. 9). 

For another example of Dorn’s German see London BM Catalogue , pi. XXVIII (no. 207). 


—^ 

Fig. lOe: The 1527 copper-plate design of Georg Hartmann for the “universal hours” on a navis. It is significant 
that Hartmann drew the latitude markings as a set of horizontal parallels, suggesting that he realized that the 
bead would fall below the horizontal diameter when the latitude mast was rotated, and the latitude cursor would 
have to be restored to the appropriate parallel (in practice with an actual instrument this can be achieved using 
the bead). On the back are the standard universal horary quadrant and shadow square. [From MS Weimar, 
Thuringische Landesbibliothek, fol. max. 29, fol. 62v-63v, courtesy of the Ernst Zinner Archive, Institute for 
History of Science, Johann Wolfgang Goethe University, Frankfurt am Main.] 
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Figs. lOc-d: An Uhrtafelchen from Vienna datable ca. 1485 (#5524 = #8513). This instrument is unsigned, but 
by virtue of the engraving and style, as well as by the kitchen German and unbelievable spelling mistakes, can 
be attributed to Hans Dorn, also known for two astrolabes, a celestial globe, a torquetum and a compendium. 
Missing from the front (c) is only the thread to be attached at the end of the brachiolus. On the back (d) is 
an horary quadrant for latitude [4]9;30°, hence the association with Vienna, rather than Buda, where Dorn also 
worked. (The inscription “pollus 39 gr 30 m ” has previously led researchers to think that this piece was intended 
for use in Valencia.) Notice the shadow-scale, just inside the quadrant scale, serving base 1. This is an appropriate 
combination of universal and latitude-specific markings on a single instrument. See Fig. XVII-5.2 for a newly- 
discovered astrolabe by Hans Dorn. [From Bielefeld Catalogue , pp. 69-70.] 
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problems of the bead sinking when the latitude arm is rotated are removed, and the need for 
any “fine tuning” is obviated for all time. This is achieved by means of a set of horizontal 
parallels for the latitude and a stiff brachiolus for supporting the thread and bead. The invention 
is Regiomontanus’ and he deserves much credit for it, but he should not be credited with the 
invention of the brachiolus, for this is described in the treatise on the universal astrolabic plate 
by the ll th -century Andalusl astronomer Ibn al-Zarqalluh. 5 Whilst such a device is not found 
on any surviving Islamic examples of that instrument, 6 his treatise was known to Regio¬ 
montanus, who published his own treatise on it in 1534. 7 

In 1478 a monk Wilhelm, student of Peuerbach, also wrote or copied an earlier treatise on 
an instrumentum generale of this type but whose form is not clearly described. The author/ 
copyist does, however, mention that some people use a brachiolus instead of a latitude arm. 

There is an illustration of a navicula amongst the numerous copper-plate diagrams of 
instruments prepared by the early-16 th -century Nuremberg instrument-maker Georg Hartmann: 
see Fig. 10e. 8 The illustration is beautiful in its accuracy and its simplicity: all of the necessary 
construction marks for the various scales are present. There appears to be some confusion, 
though, with the declination scale on the right-hand side, for the scale in the usual form of 
an arc of a circle smothers the 12 th -hour line. But the fact that Hartmann appreciated what was 
involved is shown by the construction markings on the left-hand side. His illustration shows 
greater understanding than that of Orontius Finus in his De solaribus horologiis et quadrantibus 
... (1560), who anyway had in 1524 constructed the side declination scale incorrectly on his 
ivory navicula. 9 

In his Instrument Buch published in 1533, Apian presented two different kinds of universal 
horary dial. 10 The first, called horometro, is a form of the Regiomontanus dial. The second, 
in the form of a quadrant called “ geuirtt ”, “quartered” (?), or “mit den geraden Linien ”, “with 
straight lines”, is a clever device apparently of Apian’s own invention, in which the arguments 
on the latitude / declination scale above the hour-lines (now only one-half of a full set) have 
been switched (note that £(A,<j)) = Q(<\>,A)): see Figs. lOf-g. 

I deliberately refrain from pursuing the later development of the universal horary dial, mainly 
in the German-speaking world, but also in Flanders, France and elsewhere: such dials were 
very popular amongst those with the necessary skills to use them or the good taste to collect 
them. (Of particular interest is a dial made by Adrian Descrolieres ca. 1570 for time-keeping 
by the sun and for eight individual stars, whose declinations are indicated by straight lines 


5 See XI-8.2. 

6 See, for example, Fig. X-5.2.3. 

7 Zinner , Astronomische Instrumente, pp. 145-149, esp. 147. 

8 Ibid., pp. Ill, 360-361, etc.', and Klemm, Georg Hartmann, p. 17, etc. These precious historical sources 
have yet to be properly published. Zinner’s notes on the Weimar copy are in the Zinner Archive in Frankfurt 
(see n. 17:12). 

9 Illustrated, for example, in Brusa, “Navicelle”, pp. 55-56 and figs. 5-6; also Archinard, “Cadrans solaires 
rectilignes”, fig. 16 between pp. 176 and 177, and eadem, “Navicula ”, p. 92. On his ivory navicula see n. 3:14. 

10 Apian, Instrument Buch, (unpaginated), Pts. IV and V. On the latter, see Rottel, ed., Peter Apian, pp. 93- 
94. 
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Figs. lOf-g: The first and second horary dials proposed by Peter Apian in 1533. [From his Instrument Buck, 
Pts. IV and V.] 


emanating from the centre of the horary markings. 11 ) On the other hand, not a single universal 
horary dial is known from 16 th -century England. 12 This is curious since the first dial of this 
sort appeared there out of the blue in the 14 th century, in the form of the navicula de Venetiis. 
Perhaps this phenomenon is to be explained by assuming that the navicula was not an original 
product of the contemporaneous local scene but rather an import which was not fully understood 
anyway. 

The related manuscripts have been identified and summarized by Zinner but remain 
unpublished and not studied again after his time. 13 A word of caution is necessary here, because 
there were two different instruments that bore the name organum Ptolemei : on the other one 
see 15. And yet another such medieval device survives, albeit, as we shall see, as part of the 


11 Van Cleempoel, Louvain Instruments, pp. 203-204 (no. 68). An interesting variant to the Regiomontanus 
dial recovered from a ship-wreck is illustrated in Delehar, “Illustrations”, pp. 388-389. 

12 Ackermann, “Instruments of Humphrey Cole”, and G. Turner, Elizabethan Instruments. 

13 See n. 17:12 below. 
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Fig. 1 Oh: The universal horary dial on the back of the sole surviving example (#8507) of Richard of Wallingford’s 
albion , made in Vienna ca. 1450. This is one of the most important surviving medieval/Renaissance instruments. 
It has never been studied, let alone published. See also North, Richard of Wallingford , III, pi. XXIII. [Photos 
by the author, courtesy of Marinella Calisi, Osservatorio Astronomico di Roma.] 
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Fig. lOi: Diagrams of a similar nature in a manuscript of a treatise on astrolabe construction by Georg von Peuerbach 
ca. 1450. This treatise, along with all the other instrument texts of his predecessor Johannes von Gmunden, has 
never been properly studied, let alone edited and translated. [From MS Vienna Osterreichische Nationalbibliothek 
5176, fols. 45r-45v, courtesy of Professor Hermann Mucke, Vienna.] 


markings on a 16 th -century English instrument, perhaps not devoid of German influence: see 
13. 

Was the English navicula tradition as known to Hartmann also known in Vienna in the mid 
15 th century? If so, it surely came from England. (Hartmann—and also Fine in Paris—includes 
the calendrical scale, although this is missing on the Florence navicula.) After all, the treatise 
on the equatorium known as the albion by Richard of Wallingford (ca. 1327) was translated 
by John of Gmunden in Vienna ca. 1430 and Regiomontanus also prepared an edition; 14 
furthermore, the sole surviving example of an albion, inevitably unpublished, looks very much 
as if it was made in Vienna in the mid 15 th century. 15 Indeed, on this very instrument there 


14 See North, Richard of Wallingford, II, pp. 130-134 and 134-136, on the manuscripts. 

15 On various other instruments from 15 th -century Vienna see King, “Astronomical Instruments between East 
and West”, pp. 183-188 (Appendix A: “Astronomical Instruments made in Vienna in the Fifteenth Century”), 
and on some of these King & Turner, “Regiomontanus’ Astrolabe”. 
















306 


PART Xllb 


is a set of markings, incomplete as they stand, which constitute part of a universal horary dial 
on the only surviving albion. The instrument is apparently of mid-15 th -century German (i.e., 
probably Viennese) origin. 16 The markings—see Fig. lOh—are bounded by a circle; on the 
left is a vertical solar longitude scale, and by means of a family of horizontal lines this feeds 
the argument onto a uniform declination scale on the vertical diameter, which is extended 
beyond ca. 24° to ca. 50°. To the lower right of the solar scale a family of vertical horary 
markings, symmetrical with respect to the vertical diameter and bounded by two curious curves, 
sweeps across the lower half of the circle. One could reconstruct a movable component such 
as a swaying deck attached to the mast or a trigon, which would make the device functional, 
but not without some input on the part of the user. It is obvious we are dealing with some 
kind of horary dial and that at least the engraver knew what he was about. In order that we 
should understand these markings, maybe somebody should look at the relevant manuscripts: 
see Fig. lOi. 


11 A late Islamic illustration of a universal horary dial 

In one late Islamic source we find an illustration of a universal horary dial for determining 
time from solar altitude for all latitudes (Fig. 11a). This is in MS Cairo MR 40,2, fol. 45v, 
copied in Istanbul in the year 1160 H [= 1747] by Mustafa Sidql ibn Salih (d. 1769). * 1 The 
instrument, labelled simply “ mustatlF , that is, “rectangle” or “rectangular (device)”, is 
illustrated along with some 20 others (fols. 40v-64r) relating to the construction of sophisticated 
astronomical instruments, some of which are in the early-14 th -century Syrian tradition 
associated with the Aleppo astronomer Ibn al-Sarraj. 2 The diagram shows no obvious traces 
of possible European influence beyond, one might say, the brachiolus ; however, it is not 


16 #8507—Osservatorio astronomico di Roma—unpublished (!), unfortunately omitted from my overview of 
instruments from 15th-century Vienna (see the previous note). See already the illustrations in North, Richard 
of Wallingford, III, pi. XXIII, although this instrument seems to be nowhere mentioned in the text of North’s 
book. North correctly noted that the markings were “incomplete” and “non-standard”. 

1 See Cairo ENL Catalogue (in Arabic), I, pp. 439-446, for a list of the contents of the two precious volumes 
copied by Mustafa Sidql, namely, MR 40, copied in 1160 H [= 1747], and MR 41, copied in 1153 H [= 1740/ 
41]. Altogether these two volumes contain 55 astronomical and mathematical treatises, many of which are of 
are by 10 th -century Muslim scholars (such as Abu Sahl al-Quhl and Thabit ibn Qurra), sometimes based on Greek 
originals, and not a few of which are unique copies. Where later authors are involved the works are of 
considerable historical interest, such as a treatise on geometrical problems by Ibn al-Sarraj (see n. 11:2) and 
some original Ottoman works based on Greek originals (on some of these see Berggren, “Archimedes among 
the Ottomans”). Although the name Sidql could be taken as being Egyptian, it seems that Mustafa Sidql worked 
in Istanbul: see further Cairo ENL Survey (in English), p. 112 (no. D81, incorrectly listed under Egyptian authors), 
and ihsanoglu, ed., Ottoman Astronomical Literature , II, pp. 466-467 (no. 308). There is no indication in the 
two manuscripts of this other than the fact that some of the diagrams of instruments are specifically drawn for 
latitude 41°, that is, Istanbul. See also Cairo ENL Catalogue , I, pp. 559-560, for the contents of another 
manuscript (MS TJ 635) copied by Mustafa Sidql in 1170 H [= 1756/57], this containing eleven mainly late 
mathematical treatises. See Charette, “The Library of Mustafa Sidql”, forthcoming, on manuscripts copied by 
or owned by Mustafa Sidql. 

2 See King, “The Astronomical Instruments of Ibn al-Sarraj”, first published in idem, Studies , B-IX, and now 
XIVb-5, also Charette, Mamluk Instrumentation, on Ibn al-Sarraj’s contemporary, Najm al-Dln al-Misrl of Cairo. 
More information is in Charette & King, The Universal Astrolabe of Ibn al-Sarraj, forthcoming. 
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HOROLOCIORVM LID. II. 9 



Fig. 11a: The universal horary dial illustrated by 
Mustafa Sidql in 1747. The illustration gives every 
impression of being of an Islamic instrument, down to 
the implicit use of the parameter 23;35° for the 
obliquity of the ecliptic. [From MS Cairo MR 40,2, fol. 
45v, courtesy of the Egyptian National Library.] 


Fig. lib: The universal horary dial illustrated by 
Oronce Fine in 1560. [From Linton Collection Cata¬ 
logue , p. 23.] 


generally known that the brachiolus (to serve a universal astrolabic projection) was invented 
in ll th -century al-Andalus. Indeed, there are several features which would argue for an Islamic 
provenance, for example, the implicit use of 23;35° for the obliquity of the ecliptic: this is 
an Islamic value popular between the 9 th and 12 th centuries, which, as far as I know, was not 
used in Islamic astronomy after the 15 th century. 3 It is highly unlikely that Mustafa Sidql himself 
invented the device, for if this were the case one might reasonably expect a description of its 
modus operandi (but there is none for any of instruments featured in the illustrations). 

Certainly the similarity between the markings and those of the printed Regiomontanus 
tradition is remarkable: see, for example, the illustration of Oronce Fine is his De solaribus 


3 See n. 4:5 above. 
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horologiis, & quadrantibus libri quatuor (Paris, 1560) in Fig. lib. 4 But before taking it too 
seriously we should remember that Regiomontanus made no claim to have invented his device 
(see 10). And before dismissing the possibility that this illustration may have been inspired 
by those of Regiomontanus or Oronce Fine, we should keep in mind that Mustafa Sidql 
translated from French to Turkish a book by Nicolas Bion on astrolabes (1710). 5 In his 
illustrations he also included an astrolabe rete taken from an astrolabic clock by Paul Braun 
of Augsburg ca. 1600. 6 

12 Habash’s universal instrument for timekeeping by the stars 

Now Habash designed a highly complex universal computing device for timekeeping by the 
stars (see Figs. 12a-d). Whilst we have no information that would lead us to suppose that this 
instrument was ever made by any later astronomers, Muslim or European, it is clear that the 
text as preserved in the unique 13 th -century manuscript now in the Bodleian Library in Oxford 
has suffered at the hands of successive copyists. Habash’s treatise on this instrument has now 
been published with an English translation by Francois Charette and Petra Schmidl. 1 Their 
commentary is restricted to the construction of the instrument, for its use is not mentioned in 
the incomplete text and is by no means self-evident. Furthermore, it seems that even the text 
on the construction may not be complete, so that we may be missing a description of a key 
part of the instrument. 

It is, however, clear that the instrument serves to find for any latitude first the time from 
an observed stellar altitude, and also the azimuth of the star (which, of course, could also be 
observed). But, as we shall see, it also achieves something more. Thus the instrument is 
inevitably more complicated than the universal horary dial for timekeeping by the sun and, 
necessarily, has a different morphology. Nevertheless Habash’s device has in common with 
the early European universal hour dials the following features: 

(1) a latitude scale based on tan <|>; 

(2) a movable cursor within a scale; 

(3) a scale showing 8(X); and 

(4) parallel markings for the sine function (actually three sets !). 

In addition we note the presence of: 

(5) a mechanical device to insert the auxiliary function max £ = sin max d(<))) = tan £ tan 

<t>- 


4 Linton Collection Catalogue, pp. 22-23 (no. 33). 

5 Ihsanoglu, ed., Ottoman Astronomical Literature, II, p. 466, no. 308, item 3; also King, Mecca-Centred 
World-Maps, p. xxix. 

6 See King, Mecca-Centred World-Maps, p. 353, n. 101, also p. xxix. As noted in the first reference, this 
German rete is used to decorate the cover of the ill-fated journal Arabic Science and Philosophy. 

1 Charette & Schmidl, “Habash’s Universal Plate”. The influence of successive copyists is best seen in the 
tables, although reconstruction of many entries was facilitated by the fact that Habash’s original entries were 
very carefully computed. Habash’s tables for constructing the melon astrolabe presented in Kennedy & Kunitzsch 
& Lorch, Melon Astrolabe, shared the same fate in the manuscript tradition and I suspect that further investigation 
would establish that they originally looked better than they look now. 
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Fig. 12a-d: The main components of Habash’s universal dial for operations with the stars. The top two extracts 
show the trigonometric markings on the front of the instrument (illustrated twice to show all the markings). 
On the lower left is shown the back of the instrument with the ecliptic and equatorial scales on the outside and 
the small movable plate that can be displaced from the centre in order to provide a device for showing oblique 
ascensions for any latitude. On the lower right is one of the two alidades, this one having both a uniform 0- 
90 scale and a non-uniform 0-60 sine scale. [From MS Oxford Bodleian Marsh 663, fols. 243, 246, 245 and 
247, courtesy of the Bodleian Library.] 


To find the time t* before or after midnight from the altitude of a star with declination A and 
right ascension a observed at altitude h in a locality with latitude § when the solar longitude 
is X, one needs the equivalent of the formula in 5 with the stellar declination A substituted for 
the solar declination 8. Once t* has been found, the azimuth a can be found by one of several 
procedures. But what was important in Islamic timekeeping, now in the service of astrology 
rather than religion, was not only to know the time but also to know the longitude of the 
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horoscopus, that is, the point of the ecliptic simultaneously rising over the ecliptic, X, H . 2 To 
find this, one needs to know the hour-angle t* and the longitude of the sun X, and to have some 
facility with right and oblique ascensions. 

Any attempt to reconstruct the use of the various parts of this instrument must be provisional 
failing the original text. Since only quadrants are available on the instrument (three in number) 
and not a complete semicircle of markings (as on the universal horary dial of the navicula), 
I shall assume that the versed sine function (which has arguments from 0° to 180°) is not to 
be used. I shall also assume that the reader is familiar with the basic operations with the sine 
quadrant, as explained recently by Richard Lorch on the basis of a 9 th -century Arabic text: 3 
these include the calculation of Sines and Cosines and the corresponding arcs, as well as the 
calculation of products and quotients of Sines and (Co)sines. For simplicity, I shall keep the 
base for trigonometric functions as unity and ignore signs. Yet keeping control of the various 
cases governing the directions of some of the quantities involved in the sequel would have 
been a challenge to even the best of the Muslim astronomers. 4 

Given that one has measured the altitude of a star h with declination A on a day when the 
solar longitude is X and the solar declination 8, a hypothetical modus operandi would be the 
following. First, we use a sine quadrant on the front of the instrument to compute sin h • ^(A,4>) 
and £(A,(|)). Then their algebraic difference is cos t(h,A,(j>), whence from the same quadrant we 
can find t* (measured from midnight). Second, we use a sine quadrant to compute l£(h,<j)) and 
X(A,4>). Then compute [ % ~ L ] / cos h, which is sin a(h,A,(|)), whence also a. 5 Third, move 
the centre of the small plate on the back of the instrument from the centre of the larger plate 
beneath it by the amount max £ = sin max d(c», using the scale provided, to produce some 
kind of means of displaying oblique ascensions <x(X) for any latitude. 6 It is at this point that 
I am no longer able to explain the further uses of the instrument, for the available components 
do not apparently suffice for achieving what I would like to see as its ultimate purpose. 
Somehow I would have liked the ensemble to display the instantaneous configuration of the 
sun, the star and the ecliptic with respect to the meridian, so that one could read off the longitude 
of mid-heaven, X M . By virtue of the well-known relation: 

a SK) = , 

if it was clear that we could read oblique ascensions for any latitude, one could then easily 
determine X 7 

fi 

One may well ask what, if any, is the advantage of this instrument, if I have interpreted part 
of its function correctly, and supposing one could further use it to find the ascendant for any 


2 See the articles “Tali c ” [= ascendant] and “Matali c ” [= ascensions] in EI 2 , as well as n. 5:13. 

3 See Lorch, “Sine Quadrant”. 

4 These are all laboriously itemized by the 10th-century Cairo astronomer Ibn Yunus for this and all other 
operations of spherical astronomy: see King, Ibn Yunus , passim. 

5 In spite of the inclusion of a procedure for determining the azimuth, there is apparently no intention to solve 
a favourite problem of Habash, namely, to determine the time since rising for the sun or a star to attain a particular 
azimuth. On this see Kunitzsch & Lore, “MatalY al-samf\ 

6 On ascensions see n. 4:3. 

7 See n. 5:13. 
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latitude from a stellar observation, over the standard astrolabe? First, with the astrolabe one 
is restricted to the latitudes for which there are plates; here the operations can be performed 
for any latitude. Whether the device is more effective than a universal astrolabe 8 is debatable. 
The disadvantages of the instrument are more obvious. First, the data and scales on the 
instrument are very susceptible to errors that would render them useless. The data are in fact 
so complicated that only mass production of an approved proto-type makes any sense: our over- 
optimistic Habash was way ahead of his time. Second, there are several calculations involved 
in merely setting up the instrument for use. These would have been second nature to Muslim 

astronomers from the 9 th century onwards, but still, one slip and.Without such slips one 

could hope to find the horoscope to within a degree or so, whereas with calculation all the 
way one could find it to within a few minutes. We are dealing, in fact, with a rather 
unsatisfactory combination of a calculating device and an analogue computer device, which 
is aesthetically pleasing neither from a purely mathematical nor from a purely astronomical 
point of view, 9 but certainly has some very ingenious features. 

There is one feature of the instrument as illustrated in the Oxford manuscript that still defies 
explanation. This is the scale to the upper right of centre on the front plate. It consists of a 
horizontal scale 0-30 at a distance of Sin 20° above horizontal radius (taken as 60), which itself 
bears a scale 0-54. This is not menioned in the text and bears a mysterious caption al-‘ard 
li-tadll al-shams, “the latitude for correcting, or for the equation of, the sun”, which makes 
little sense. It was tempting to modify the last word to al-samt, for tadll al-samt is a name 
given to the auxiliary function 3C(h,(j)). 10 But this makes no sense either. On the other hand, 
the first scale could be for measuring, for a very limited range of solar altitude, shadows to 
base Sin 20° ~ 20.5 ~ 7 3 R, a base we also find in use in Aleppo in the 14 th century, though 
again without any explanation beyond that it keeps operations with the bead and thread on the 
surface of the quadrant rather than having them extend beyond the outer rim. 11 


13 A remarkable English instrument fitted with a universal horary dial 

An English instrument, known to Gunther and dutifully described by him with great care but 
never studied since, bears some markings that are relevant to our study. * 1 The instrument is 


8 See n. 3:2. 

9 The same problem besets operation with the medieval European instrument with a quadrans novus on the 
front and a sexagenarium on the back. The front can only be used to find the time approximately; to find the 
time accurately, one must perform calculations from scratch with the trigonometric grid on the back. 

10 Charette & Schmidl, “Habash’s Universal Plate”, p. 155 ad Fig. 5. 

11 See Charette & King, Universal Astrolabe of Ibn al-Sarraj, to appear. 

1 #8501—Oxford, Museum of the History of Science, inventory no. 26323 (formerly St. John’s College, 
Oxford)—see Gunther, Early Science in Oxford, II, pp. 135-140 (no. 56), especially the illustrations between 
pp. 136 and 137, King, Mecca-Centred World-Maps, p. 352; and Meliconi, “Brechte Plate”, on website EPACT. 

The instrument is not featured (or even mentioned) in Turner, Elizabethan Instruments, in spite of the fact 
that it is Elizabethan, but when compared with Turner’s instruments, it sticks out like a sore thumb. The 
“overview” of this instrument on the website EPACT reads as follows (and does not relate to the associated, 
more careful, “detailed description” by Maria Meliconi): 
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medieval in style and inspiration, as well as engraving (Figs. 13a-d). However, there can be 
no doubt that the inscription “ROGER BRECHTE 1527”, * 2 together with a distinctive personal 
symbol, typical of German “ Hausmarken ” or “Steinmetzzeichen”, 3 relates to the maker of the 
instrument and his date. Certainly the instrument was made for use in England for, as noted 
already by Gunther, one side bears calendrical scales featuring some saints particularly 
favoured there; also, as we shall see, some of the markings are specific to a latitude in England. 
The style is fully medieval, rather than Renaissance, and the inscriptions, both letters and 
numbers, have Gothic forms. 4 

The complex set of markings on the other side consists of the following: 

(1) Upper middle—a universal horary dial, with a slotted radial rule (fitted perpendicular to 
an alidade with no further scales) bearing a movable radial cursor that can rotate over a 
family of circular latitude markings for each 3° bounded on each side by a V-shaped frame 
with vertex at the centre, on both arms of which there is a latitude scale marked for each 
2° up to 66° and labelled for each 10° up to 60°. There are three solar declination scales, 
one on each side at the circumference (only the one on the left is fully marked) for the 
zodiacal signs, the other above at the circumference, marked for the months. There is a 
full circle of labelled vertical horary markings about the centre. In addition there are two 
vertical altitude scales on either side of the main markings, forming the sides of an M- 
shaped frame. 

(2) Entire surface—stereographic projections of the equator and solstices (winter on the 
outside, summer on the inside, as on an astrolabe); circumferential scale divided for each 
5°, subdivided for each 1°, and labelled for each 15° (equinoctial hours) on the left and 
upper right and for each 10° in the lower right. 

(3) On either side of the main horary dial (1)—two vertical scales. The one on the right is 
clearly for southern declinations and runs from 0° to 24° in 2°-intervals with labels 8-14- 
20. This scale is to be associated with another perpendicular to it on the horizontal diameter 


“Astrological Instrument. Signed by Roger Brechte. Dated 1527; German (?) Copper; 225 mm in diameter. 
This is perhaps more an astrological than an observational instrument. It has all of the necessary features 
for observation, such as an alidade and degree scale, but also all that is needed for correct astrological and 
calendrical predictions, such as the indications of dominical letters and astrological houses. On one side of 
the instrument there is a Regiomontanus-type dial, though useless without an arm. It is not clear whether 
the arm is presently missing, or the instrument is incomplete, or the engraved lines were meant to have another 
aim than a sundial.” 

There is a general tendency to dismiss any instrument one does not understand as a fake or as “astrological”. 
In this case, the author of this short description has chosen the latter, but I hasten to point out that the astrological 
houses are not featured (nor could they be). 

2 The name Brechte (related to English Bright) appears to be German (rather than, say, Flemish or Dutch), 
and the more common form Brecht is Southern German. In current telephone directories for Munich, Augsburg, 
Ulm, and Stuttgart the name Brechte is not attested, but there are, respectively, 24, 4, 2, and 25 entries for Brecht. 
On the other hand, Brechte is a female Old Dutch Christian name. Furthermore, Roger is not a German name, 
and attests to a French or Flemish connection. See also n. 13:13. 

3 On these see most recently King, The Ciphers of the Monks, App. E3 on pp. 324-334, with extensive 
bibliography, and on this one in particular, p. 329. 

4 On my use of this term see ibid., p. 28, n. 1. 
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that is also marked for each 2° of northern declination (the groupings of each 8° in the 
middle are unfortunately grouped). On the left is a scale divided similarly to the first 
labelled (from the top) 18-24-30-38, so that the span is 14-38. The scale thus serves the 
meridian altitudes for latitude 52°. There is another horizontal scale associated with this 
one too. All of these scales are to be used in association with the ecliptic scale (4) if one 
wishes to determine 8(k) or H(X). 

(4) Lower left—a pair of arcs representing a stereographic projection of the ecliptic within 
a quadrant. The “main” arc is that for the southern signs, extending from the equinox on 
the horizon for 52° to the outer circle for the winter solstice. The arc for the northern signs 
has been folded over from its “dummy” counterpart above the horizontal diameter. This 
“ghost” ecliptic, which in facts extends over the other three-quarters of the entire surface 
is labelled in a somewhat maladroit fashion, once in each of the three quadrants: lua (?) 
eclipt 9 , via solis, and via solis lunie (?) eclipt 9 . 

(5) Lower left—a family of stereographic seasonal hour curves for latitude 52°, starting at 
the horizon for 52° on the left and ending with the meridian on the vertical radius, and 
between the solstitial circles across the ecliptic scale (4). 

(6) Lower left near centre—a shadow square (base 12). 

(7) Middle right—a family of stereographic projections of horizons for various latitudes 
between the solstitial circles. These are served by the ecliptic scale (4). 

(8) Lower right—a universal horary quadrant for seasonal hours. These could be served by 
the ecliptic scale (4), but it is simpler (and more in the spirit of the original purpose of 
the markings) to enter the meridian altitude from the scale (3). There are problems with 
the markings: see below. 

(9) Lower right—horary markings for the equinoctial hours and a stereographic solar longitude 
scale for a latitude of 52°. These are also served by the ecliptic scale (4). 

Note that Brechte has provided three sets of universal markings in the form of the univeral 
horary dial (1), the horizons for different latitudes (7), and the universal horary quadrant (8); 
and three sets latitude-specific markings for latitude 52°, namely, a scale for meridian altitudes 
(3), a quadrant for the seasonal hours (5), and a quadrant for the equinoctial hours (9). The 
combination of these markings on a single plate, not attested elsewhere, is at first sight nothing 
other than brilliant. On closer inspection, however, we detect some problems, some more 
serious than others. 

The dial (1) is of the same kind as that on the navicula according to the construction in the 
available medieval texts. Thus the device appears to work only approximately. If it had been 
properly assembled with the side declination scales in the right place, and with a little “fine 
tuning”, here involving a thread with bead delicately hooked over the nipple on the cursor, 
it would have worked perfectly. Gunther observed a similarity with the Horarium generale 
of Johannes Stoffler (at the end of his 1518 Calendarium Romanorum), repeated in various 
later works, including those of Oronce Fine ( De gli oriuoli). 5 1 have not been able to confirm 
this. 


5 Gunther, Early Science in Oxford, II, p. 136. 
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Figs. 13a-d: The front and back of the astronomical plate by Roger Brechte (#8501), with details of his signature 
and owner’s mark. [Originally property of St. John’s College, Oxford, two photos by the Museum of the History 
of Science, Oxford, two details by the author, courtesy of the Museum.] 
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It was quite ingenious to “stretch” the declination and meridian altitudes scales (3) in this 
way. The declination is of course measured radially, here the scales have been extended in 
length and potential accuracy by rotating them with respect to the radius. This was surely not 
inspired by considerations of space. I know of no parallels to these “stretched scales” in 
medieval or Renaissance instrumentation. 

The seasonal hour markings on (5) call for some comment. They correspond to the seasonal 
hours above the horizon. (On the standard astrolabe plate one finds markings only below the 
horizon, so as not to interfere with the more important altitude and azimuth markings above 
the horizon. 6 ) No other instrument with such markings comes to mind. But there is a problem: 
there is no way to enter either the altitude (or the azimuth), so that the seasonal hour markings 
are quite useless as they stand. 

Also the seasonal hour markings on (8) do not withstand close scrutiny. Those for the 6 th 
and 5 lh /7 lh hours are drawn to arguments 90° and 75° on the outer rim of the outer scale. The 
remaining arcs have been drawn to the arguments 60°, 45°, 30° and 15° on the inner rim of 
that scale. All is not well here. 7 The markings for the seasonal and equinoctial hours in (8) 
and (9) are not stereographic, but rather graphic representations of mathematical functions on 
a stereographic background: the altitude is to be entered on / read from the outer scale. The 
subdivisions of the solar declination scale situated between the 11 th and 12 th equinoctial hour 
curves are, however, problematic. 

There are some additional markings whose purpose is not clear to me. These are: 

(10) On the “seasonal hour quadrant” (4+5) there are two cusps starting from a point on the 
prime vertical. The upper one is an arc of a radial semicircle extending from the centre 
of the entire dial, so this defines the point of intersection with the horizon. If it were part 
of the stereographic projections, it should surely go only as far as the inner circle for the 
summer solstice. Perhaps it was intended to serve a purely trigonometric function, in which 
case it should be a complete semicircle reaching as far as the outer circle for the winter 
solstice. 8 The lower one runs concentric with the circle for the winter solstice as far as 
the meridian on the vertical diameter, as if it represented the declination circle of some 
celestial body, in fact, A = -20°. I am at a loss to explain why these markings are present 
and what purpose they might serve. 

With the possible exception of the universal horary dial (1), I would maintain that each and 
all of the items (2-9) on this side of the plate were invented in 9 th - or 10 th -century Baghdad. 
I have previously argued that the representation of the entire ecliptic as two arcs within a 
quadrant, such as found on the quadrans novus of Profatius ca. 1290 and also as item (4) on 
the Brechte plate, is a European innovation. But now we know that it appeared on the astrolabic 


6 The arcs of circles used for such markings are approximations to the far more complicated curves that would 
display the seasonal hours accurately. See Hogendijk, “Seasonal Hour Lines on Astrolabes and Sundials”. 

7 If one must combine universal markings for the seasonal hours and latitude-specific markings for the 
equinoctial hours, then let the result be as illustrated in Michel, Traite de Vastrolabe, p. 85. 

8 See XI-11.3. 
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quadrant already well known in 12 th -century Egypt, 9 and furthermore the astrolabe with a 
crescent-shaped ecliptic (of which the markings on these quadrants constitutes one-half) was 
described by al-Sijzl in the late 10 th century. 10 However, here it appears not with a set of altitude 
circles for a specific latitude, but rather with a set of curves for the seasonal hours, which, 
as we have already noted, serve no purpose as they stand. 

I would contend that this instrument by Brechte is entirely medieval in its conception, or, 
to put it another way, that Brechte copied it from a medieval instrument, not all of whose 
functions he understood. Even the throne is reminiscent of European astrolabes several 
centuries earlier. * 11 The basic problem with this instrument is simply that it was made in England 
in the early 16 th century, when astronomical instrumentation had taken off in new directions 
with a decidedly Renaissance flair, albeit still traditional and with no real technical innovations 
that are not known from earlier instrumentation. 12 Who was this Brechte? As this book goes 
to press, I have not been able to determine whether he was, for example, part of the Oxford 
scene of his time. 13 

To summarize, we have here a variant to the universal horary dial on the navicula which 
—with various qualifications—functions in precisely the same way, but can be also used for 
stars within and not too far outside the two solstitial circles. The upper central parts of the 
circle of horary markings are superfluous. Remove them and one is a step closer to the markings 
in the German manuscript tradition (Fig. 10a) and also to the navicula. 


14 Early Islamic predecessors to the European universal horary dial? 

May I be forgiven for searching the available sources in an attempt to find some medieval soul 
who was clever enough to invent the universal horary dial. As far as we known from the sources 
currently available, there was no milieu in medieval Europe for the invention of the horary 
markings of the navicula', the invention of such a device was not only outside the capabilities 
of the vast majority of medieval European astronomers, but also their interests lay elsewhere. 
We are therefore entitled to look elsewhere for the origins of the universal horary dial on the 
navicula, and, in my opinion, the most likely place is 9 th -century Baghdad. Since there is not 
a trace of this device as such in the known early Islamic sources, I may perhaps be permitted 
to grasp at some straws. 

In a 10 th -century source we find mention of a device for timekeeping of which we have only 
the name: lawh (al-saat), “board (for finding the hours)” (or, if I may, “ Uhrtafelchen ”). This 


9 See X-6.4 and Fig. X-6.4.4. 

10 MS Istanbul Topkapi Ahmet III 3342, fols. 123r-153v + 114r-122v, copied in 634 H [= 1236/37] (see King, 
al-Khwarizml”, p. 21). An edition and English translation have been prepared by Richard Lorch (as yet 
unpublished). 

11 See Stevens et al., Oldest Latin Astrolabe, Figs. 1-2, also in Fig. XIIIa-9.1a; Gunther, Astrolabes, II, pis. 
CXXVI opp. p. 463, and CXXVII opp. p. 477; also King, “Earliest European Astrolabe”, figs. 3, 12, 13, 18a 
and 18b, and idem, The Ciphers of the Monks, pp. 373-374, and 402-403. 

12 See n. 9:16. 

13 He is not mentioned in the 1st edn. of the Dictionary of National Biography and I have not seen the 2nd. 
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occurs in the encyclopaedia of Abu 'Abdallah al-Khwarizml (not to be confused with the 
astronomer Abu Ja'far al-Khwarizml). 1 After mentioning varieties of astrolabes and before 
mentioning the armillary sphere, he asserts: 

“The instruments for finding the hours are many, for example, the water-clock (al- 
tarjahara ); the box for the hours ( sanduq al-saat) [probably a mechanical device]; 
the ... [??] for the hours ( dabbat al-saat ) [likewise]; the horizontal sundial (al- 
rukhama ); the conical sundial ( al-mukhula ); and the board (lawh). ,, 

Could it be that with this last reference al-Khwarizml was referring to a board from which 
one could reckon the time of day accurately for any day of the year and for any latitude? 
Something like the Regiomontanus dial (see 10)? Why does the 18 th -century illustration in the 
Cairo manuscript use the value of the obliquity first derived by Habash and popular in the 
Islamic East only until the 12 th century, after which it was used sparingly until the 15 th ? Or 
something like the Brechte plate (13)? As I have already noted, all of the components on that 
plate—except, perhaps, the universal horary dial—were known in 9 th - or 10 th -century Baghdad. 
This would be a companion instrument to the very early device known in various medieval 
Arabic sources as al-mlzan al-Fazari, which means something like “multiple-scale-ruler of al- 
Fazarl”, the latter appparently to be identified with the well-known 8 th -century Muslim 
astronomer of this name. This ingenious device consists of a series of scales, some numerical, 
some graphical. 2 3 It was known, for example, in 13 th - and 14 th -century Egypt, but apparently 
unknown in medieval Europe. On the other hand, the rectangular vertical sundial with a gnomon 
movable on a horizontal solar longitude scale, called in Arabic saq al-jarada, “locust’s leg”, 
is another early Islamic instrument: maybe al-Khwarizml was referring to this when he 
mentioned the lawhV 

Another point: the Latin navicula text 4 ends with a discussion of the use of the navicula for 
timekeeping by the stars which is frankly absurd unless one is dealing with stars with 
declination less than the obliquity (which is apparently not stated in the text). If one had a 
scale for declinations up to, say, about 45° instead of, or in addition to, a solar scale, it would 
not be absurd. 5 But there is no space on the navicula for such a stellar declination scale. See 
Fig. lOf for Apian’s solution to this problem. 


1 Abu ‘Abdallah al-Khwarizml, Mafatih al-‘ulum, p. 232 (pp. 125-126 of the pirate edition, Cairo, 1342 H 
[= 1942], See already King, Mecca-Centred World-Maps, p. 353, n. 102. 

2 See, for example, the discussion of al-Marrakushi (Cairo, ca. 1280) recorded in Sedillot-pere, Traite, pp. 
458-473 and figs. 80-84; Sedillot-ft/s', “Memoire”, pp. 46-54; and also Charette, Mamluk Instrumentation, II- 
6.2. On al-Fazari see the article “al-Fazari” by David Pingree in DSB. The provisional association of this device 
with an 8th-century astronomer needs further investigation. Certainly the instrument described by al-Marrakushi 
is a later version of a hypothetical early original device. For another source on this important instrument, as 
yet unstudied, see Cairo ENL Survey, no. C24 (4.7.4). 

3 This possibility is suggested in Charette, Mamluk Instrumentation, II-4.1. For an example of such an 
instrument see 

#7315—vertical sundial for Damascus and Aleppo by Abu T-Faraj ‘Isa dated 554 FI [= 1159/60]—Paris, 
Bibliotheque Nationale de France, inv. F. 6909—(7315) see Casanova, “Cadran solaire syrien”; and Paris IMA 
1993/94 Exhibition Catalogue, pp. 436-437 (no. 332), also Fig. IV-7.4 and XIVb-1. 

4 The Middle English text breaks off before this point. 

5 See n. 10:11. 
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Previously I have wondered whether anyone would have made a complex instrument for 
timekeeping by night if they had not already made a simpler one for timekeeping by the sun? 
Now I would prefer to ask, if one had experimented with this kind of instrument for the stars, 
would it not be a good idea to seek to a simpler instrument using only the declination of the 
stars, rather than all of their coordinates? In other words, it is not certain that this instrument 
of Habash did not precede the universal horary dial such as we find on the navicula or on the 
Brechte plate. 

It seems to me useful to look again at the universal horary dial on the navicula, for which 
we do not have an original Arabic text, in the light of Habash’s instrument, for which we do 
have such a text. The former consists of the following features: 

(1) A linear latitude scale based on tan 4>, as on Habash’s instrument. 

(2) A movable cursor within that scale. On Habash’s instrument a cursor moves on a different 
linear scale. 

(3) Two scales displaying 8(X) within an arc of length 2e, as on the 9 th -century “quadrans 
vetus , \ Habash’s instrument has the declination scale over an entire quadrant of arc. On 
the navicula the side declination scale is ingeniously adapted to give tan 8(1) rather than 

8(A)- 

(4) A double set of parallel markings for the (co)sine function, as opposed to the three single 
sets on Habash’s instrument. 

(5) An ingenious mechanical device for inserting both £ = tan 8 tan (|) and Q = sec 8 sec (>. 
On Habash’s instrument there is a mechanical device for inserting max £ = tan e tan (|) 
so as to find the oblique ascensions for any <j) and 1. 

I strongly suspect that Habash was the first to devise such markings, not just because he was 
very clever, 6 although he certainly was, but because he invented a yet more complex instrument 
for timekeeping by the stars, which has similar principal components. But his hypothetical dial 
may have served the stars as well as the sun, that is, its declination scale may have gone beyond 
the obliquity of the ecliptic. This feature it would have had in common with his other device. 
And, of course, there is no reason to suppose that the hypothetical instrument was shaped like 
a ship. 

Neither the hypothetical universal horary dial of Habash, nor apparently his dial for the stars, 
had much success in the Islamic world. One major disadvantage of the sinical markings on 
the hour dial such as we find on the navicula was that the markings beyond the 10 th hour on 
either side are uncomfortably crowded. Some Muslim astronomers obviously favoured a 
mathematical device in which this was avoided: see 16 . 

Now how might this hypothetical Islamic universal horary dial have been transmitted to 
England? Here we are not at all on firm ground, but we can take advantage of the new insights 
into transmission gained as a result of some recent discoveries by colleagues. Alas for my 
argument, there is not a trace of the universal horary dial in the rather-well-documented 


6 Contra North, “Review”, col. 749, cited at the beginning of this paper. 
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literature on astronomical instrumentation from medieval Syria and Egypt. 7 So I am tempted 
to dismiss the possibility of, say, some Crusader picking up the idea in that part of the world. 
It would also be remarkable if some Englishman had picked up the idea in Venice, although 
that would at least help to account for the name of the device in its English manifestation. 
Another theoretical possibility would be Sicily, where, for example, the design of Maghrib! 
astrolabes from ca. 1200 seems to have inspired one branch of Italian instrumentation, 8 and 
the Jewish astronomer Isaac al-Hadib, a refugee from al-Andalus who arrived at the end of 
the 14 th century, wrote on instruments that are not fully in the known Islamic tradition. 9 But 
about the transmission of astronomical knowledge to, from or through Sicily we simply know 
too little. 10 This leaves al-Andalus, the name given to that part of the Iberian Peninsular under 
Muslim domination at any given time. But there is no trace of the device there either. * 11 
However, what we know about science in al-Andalus is very much a question of chance since 
most of the original manuscripts and instruments are lost, and the fortuitous rediscovery of 
a single instrument or text from that milieu can turn upside down prevailing opinions. I refer, 
for example, to the rediscovery of a Latin astrolabe from 10 th -century Catalonia in the 1950s; 12 
a recension of the 13 th -century astronomical handbook of the Tunisian astronomer Ibn Ishaq, 
the most important work of its kind in the Maghrib, full of new material from otherwise lost 
Andalusl sources, in the 1970s; 13 a sophisticated mathematical treatise by Ibn Hud, king of 
Saragossa, in the 1980s; 14 and of an astrolabe from 14 th -century Toledo with inscriptions in 
Hebrew, Latin and Arabic, in the 1990s. 15 Thus it is perfectly possible that such a hypothetical 
Arabic text on the universal horary dial, if such existed, might have been available at some 
time in al-Andalus, although certainly it did not end up in the 13 th -century Libros del saber 
de astronomia associated with King Alfonso el Sabio. But nor did the sexagenarium —a sine 
quadrant with a uniformly-spaced sexagesimal orthogonal grid, a variant of which with 
sinically-spaced sexagesimal markings was known already in 10 th -century Baghdad, although 
it too did end up too in England in the 14 th century. 16 


7 See King, “Astronomy of the Mamluks”, and, more specifically, Sedillot-/?ere, Traite, and Sedillot : /i7,v, 
Memoire, and Charette, Mamluk Instrumentation. 

8 King, “Urbino Astrolabe”, pp. 110-111 and 118. 

9 Goldstein, “Astronomical Instruments in Hebrew”. 

10 The only known astronomical handbooks with tables (zyes) serving Sicily appear to be in Hebrew: see 
King & Samso (with Goldstein), “Islamic Astronomical Handbooks and Tables”, p. 67 and also pp. 60-61. On 
a value of the obliquity of the ecliptic attributed to King William II (Ghiyam ibn Rujjar) of Sicily reported by 
the 13 th -century Tunisian astronomer Ibn Ishaq see now Mestres, Zlj of Ibn Ishaq, p. 4. 

11 See Madrid MAN 1992 Exhibition Catalogue, and the numerous other recent works of the Barcelona School. 

12 See n. 1:5, and especially Destombes, “Carolingian Astrolabe”, and the various studies collected in Stevens 
et al., eds., The Oldest Latin Astrolabe, also XIIIa-9. 

13 See King, “Maghribl Astronomy”, p. 32; Samso, “Maghribl Zije s”, p. 93; Mestres, “Hyderabad MS of the 
Zlj of Ibn Ishaq”, and the detailed study in idem, Zlj of Ibn Ishaq. 

14 See Hogendijk, “Al-Mu 3 tatnan ibn Hud”. 

15 See the detailed description in King, “Toledo Astrolabe”. 

16 On the 10th-century source see Figs. X-6.1.1-2. The English instrument is: 

#5550—Oxford, Museum of History of Science, inv. no. ?—see Gunther, Early Science in Oxford, II, pp. 
173-174 (no. 69) and the plate before p. 175; also Poulle, “ Instruments astronomiques”, 1983 edn., pp. 38-39; 
and especially idem, “Sexagenarium”, and now Aguiar & Marrero, Sexagenarium. 
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There are two other possible ways of transmission of medieval Islamic astronomical 
knowledge to England. One is through the medium of a certain Christian Arab named “ c Abd 
al-Maslh of Winchester”, about whom little is known except that he was involved in 
interpretations of the Latin Almagest in the second quarter of the 12 th century. 17 The other, also 
in the 12th century, involved reworkings of 10 th -century Islamic tables for Shiraz to the 
meridians of Pisa and London, some at the hand of Ibn Ezra on a visit to Pisa. 18 All of this 
activity seems a little early to have been the scene for the introduction of the navicula in 
England. 

It is extremely unlikely that the association of our instrument with a Venetian ship is from 
al-Traq. But it could come from Syria or Egypt. 19 Yet it is more probably a purely European 
appelation and still cries out for an explanation (see 6e). 

One last thought: suppose there was an Arabic text with the word mail, pronounced in Middle 
Arabic mayil, for a rotatable rule that should be inclined (Arabic mala, active participle mail ) 
to show the declination, and this was not fully understood by a hypothetical translator who 
thought the word sounded rather like mal-us, “mast of a ship”. But, alas, Habash does not use 
the term mail in his treatise on the universal instrument for timekeeping by the stars. And 
we are again on dangerous ground. 

15 The German tradition of the “other” organum Ptolemaei 

There is another instrument, unrelated to the universal horary dial in form and conception if 
not in purpose: I refer to the analogue computer device also known by the name organum 
Ptolemei. The instrument is unknown from Antiquity and from the Islamic world, but in the 
earliest Latin texts, dating from the 15 th -century and associated with Peuerbach and Regio¬ 
montanus, it is attributed to Ptolemy. * 1 The orthogonal projection of the celestial sphere which 
underlies this instrument was, of course, known in Antiquity and in the Islamic world, and 


17 Burnett, “ c Abd al-Maslh of Winchester”. On the indebtedness of contemporaneous mathematical astronomy 
in Europe to Islamic sources see also Mercier, “Astronomical Tables in the 12 th Century”. 

18 Ibid., pp. 108-112. On the Pisa-Antioch connection see Burnett, “Antioch as a Link between Arabic and 
Latin Culture”. 

19 The Arabic historical sources are generally silent on the nature of the ships used by the Muslims, let alone 
their trading-partners or adversaries (see the article “Bahriyya, I. The navy of the Arabs up to 1250” by A. S. 
Ehrenkreutz in EI V supp.). Considerable information is available in medieval miniatures, some of which have 
been collected by an art historian, albeit in a rather haphazard fashion: see Su c ad Mahir, al-Bahriyya fi Misr 
al-islamiyya wa-atharuha al-baqiya [= The Navy in Islamic Egypt and the Surviving Evidence ], Cairo: Dar al- 
katib al- c arabl li-T-tiba c a wa-T-nashr, n.d. [ ca . 1968]. Surprisingly there is no article on Venice ( Bunduqiyya) 
in the El dealing with the city in the Middle Ages as seen from the Muslim world. 

1 Until recently the best discussion was in Zinner, Astronomische Instrumente, pp. 131-134, which I refrain 
from summarizing. John North has sorted out some of the confusion regarding the available texts: see his 
“Meteoroscope”, p. 58, n. 7. 

As Zinner was aware, the organum goes back at least to Regiomontanus, and the underlying mathematics 
was known already to Ptolemy (hence the medieval name). A valuable new study is in Zenner, “Analemma”. 

A more recent study, Dupre, “Instruments and Orthographic Projection”, boldly states (p. 10) that: 

“ ... the concept of an orthographic projection.was only acquired during the 16th century in the circles 

of mathematicians interested in mathematical instrument design.” 
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eventually also in medieval Europe (Fig. VIII-3.3). 2 It is related to the construction known 
since Antiquity as the analemma, by which the basic formulae of spherical astronomy can be 
derived by plane rather than spherical trigonometry: see 1 - 1 . 2 . 

The instrument consists essentially of a circular plate bearing firstly a set of ellipse segments 
representing the orthogonal projections of the meridians for each equinoctial hour or fractions 
thereof, and secondly a family of parallels to the celestial equator for the declinations. 
Sometimes, the declination lines serve only the sun and there is a declination scale on the 
circumference. Above these markings can rotate either (1) an alidade to represent the local 
horizon and fitted with a movable perpendicular attachment marked with a non-uniform scale, 
or (2) a semi-circular grid bearing a diameter for the horizon and a set of parallels representing 
celestial altitudes, or (3) some modification of these. 

The first attested use of the organum Ptolemaei on an instrument is, appropriately, on two 
out of close to a dozen astrolabes of the “Regiomontanus-type”: firstly, one dated 1462 which 
Regiomontanus presented to his patron Cardinal Bessarion, 3 and another, which may actually 
be earlier (it has inscriptions in Gothic script rather than Italica), but which bears a later 
inscription by an owner dated 1535. 4 On both pieces the organum is engraved on a movable 
plate which fits onto or rather into the back; on the former the other side of the plate is without 
engraving, and on the latter the other side bears a universal horary quadrant and an horary 
quadrant for latitude ca. 48° as well as a double shadow square. See Fig. 15a. 

Gerard Turner has (independently of his former co-author) claimed that the organum was 
an “alternative” to the universal horary quadrant. 5 1 would argue that the universal horary dial 
is the counterpart of the universal horary quadrant, for both are “mathematical” devices. The 
organum is an analogue device of more “astronomical” nature, and as such is the counterpart 
of the universal astrolabic plate, which was also occasionally added to the standard astrolabe. 6 

Another organum is found on an astrolabic plate attached to a celestial globe made in 1480 


2 Of interest here is a unique 1 lth(?)-century dial marked with an orthogonal projection including the celestial 
equator, tropics, polar circles, and an unlabelled horizon for the latitude of the 7 th climate ( ca. 48°). See: 

#8500—Regensburg, Stadtsmuseum—see Zinner, “Lehrgerat”, and VIII-3 (illustrated), corresponding to 
King, “Aspekte”, p. 140-141. For a more detailed study of this piece see Wiesenbach, “Astrolab und Astronomie 
im 11. Jahrhundert”, pp. 135-142, which was kindly brought to my attention by Friederike von Morr (Frankfurt). 

3 #640—private collection—see Price, “Regiomontanus’ Astrolabe”; and King & Turner, “Regiomontanus’ 
Astrolabe”, pp. 170-186 and figs. 1-9. 

4 #256—present location unknown. See Gunther, Astrolabes, II, pp. 434 (no. 256); King & Turner, op. cit., 
p. 189 and figs. 18-19; and the more detailed description by Gerard L’E. Turner in Christie’s London 08.04.1998 
Catalogue, pp. 70-73 (lot 49). 

5 G. Turner, ibid., p. 73: 

“The organum Ptolemei was developed as a device for accurately reckoning time from solar altitude in 
equinoctial hours. It was an alternative to the universal horary quadrant popular on astrolabes both before 
and after the fifteenth century. This was an inferior device for reckoning time from solar altitude, giving 
approximate values in planetary hours. Both devices were popular because they worked for all latitudes, but 
the quadrant was easier to construct and was far more widely used.” 

6 See n. 3:2. 
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by the Benedictine monk Hans Dorn, who was a product of the Vienna school. 7 Yet another 
is found inside his splendid astrolabe made in 1483: see Fig. 15b. 8 An unusual South German 
instrument preserved in Munich datable ca. 1550 and signed “AI” bears an organum on one 
side (Fig. 15c) and a calendrical / solar scale and shadow square on the other. The alidade 
for the front bears a line parallel to diameter for twilight operations, and a perpendicular 
radius. 9 

An organum is illustrated in the 1574 Cosmographia of Peter Apian (Fig. 15d). 10 It also 
features in the 1538 and 1558 Wittenberg editions of Sacrobosco’s De Sphaera (Fig. 15e). n 
The projection associated with de Rojas (Paris, ca. 1550) 12 is apparently derived directly from 
the German tradition: Fig. 15f shows a 16 th -century astrolabe from Florence bearing this 
projection on the back. 13 Two later Islamic instruments, both from Safavid Iran, bear the same 
kind of markings, apparently under European influence: for one of these, see Fig. 15g. 14/15 All 
of these sources and the other relevant materials should perhaps be investigated afresh. 

One feature and drawback that the universal horary dial and the organum have in common 
is that the markings at the sides are uncomfortably crowded together. This is one reason why 
the universal plate with its stereographic projection and comfortably spaced markings was more 
widespread. But it was not the only solution to that problem. 

16 The orthogonal projection in the Islamic sources 

To the question whether the organum too was known in the early Islamic world, I can only 
answer that it is not mentioned in any known Islamic textual sources. However, certainly the 
underlying astronomy and mathematics was known to every serious Muslim astronomer from 
the 9 th to the 19 th century. A similar but different mathematical combination of markings was 
used by certain Muslim astronomers. 1 The mapping, projection, mathematical device, call it 
what one may, has two advantages over that of the organum : first, the meridians are equally- 


7 #4510—Cracow, Jagiellonian Museum, inv. no. 4039-37/V—see King, “Astronomical Instruments beteween 
East and West”, p. 188, with references to Polish publications; and Washington 1992 Exhibition Catalogue, pp. 
221-222 (no 120). 

8 #492—Florence, Museo di Storia della Scienza, inv. no. 1096—see King, “Astronomical Instruments 
beteween East and West”, p. 186; also EPACT. 

9 #8512—Munich, Deutsches Museum, inv. no. 1696—see Munich Catalogue, pp. 243-251 (no. 8). 

10 This instrument is not mentioned in Rottel, ed., Peter Apian. 

11 See also Gingerich, “Sacrobosco Illustrated”, pp. 215-216, and fig. 6 on p. 222, and idem, “Paper 
Instruments with Moving Parts”, p. 67. 

12 See Maddison, “De Rojas Projection”. 

13 #4580—Liege, Musee de la Vie Wallonne, inv. no. 36—see Brussels 1984 Exhibition Catalogue, pp. 41- 
42 (no. 12). 

14 #1207—Observatoire de Paris—see King, Mecca-Centred World-Maps, p. 320. 

15 #3670—St. Petersburg, Hermitage Museum, inv. no. VC 512—illustrated in Maistrov, Nauchnye pribory, 
p. 43 (no. 17) and pis. 81-82; also Mecca-Centred World-Maps, pp. 321-322 and n. 134. 

1 For references to the materials mentioned in this paragraph see Kennedy & Debarnot, “Two Mappings of 
al-Blrunl”; Puig, “La proyeccion ortografica en el Libro de la agafeha”, “Proyeccion ortografica”, and “Ibn al- 
Zarqalluh’s Orthographic Projection”; King, Mecca-Centred World-Maps, p. 36, nn. 68-69, and pp. 342-343, 
nn. 57-58. 
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Fig. 15a: The rotatable organum on the back of an astrolabe (#256) from the same workshop as the piece presented 
by Regiomontanus to Bessarion in 1462 (#640). This piece is not dated, neither is it signed. [Private collection, 
photo courtesy of Christie’s of London.] 




Fig. 15b: The organum inside Hans Dorn’s 1480 
astrolabe (#492). [Courtesy of the Museo di Storia 
della Scienza, Florence.] 


Fig. 15c: An unusual organum from 16 th -century 
Southern Germany (#8512) with a diametral rule 
bearing a bar parallel to the horizon for determining 
twilight. [Courtesy of the Deutsches Museum, 
Munich.] 
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Fig. 15d: Apian’s organum with a ruler to be used for 
both movable horizon and line of solar depression at 
twilight, as well as a trigon and a radial rule for 
shadows (??). Note the little wilder Mann decorating 
the central knob. [From Apian, Cosmographia , 1574 
edn., p. 11. See also Zinner, Astronomische Instru- 
mente , p. 133.] 


Fig. 15f: The so-called “de Rojas” projection with 
alidade and movable cursor on the back of a 16 th - 
century Italian astrolabe (#4580). [Courtesy of the 
Musee de la Vie Wallonne, Liege.] 


*xroi avmvHdS 


Fig. 15e: An organum with a movable part shaped like 
a real navicula in an unidentified edition of Sacro- 
bosco’s Sphaera. [From Zenner, “Analemma”, fig. 7.] 



spaced and do not crowd together; and second, the meridians are arcs of circles not segments 
of ellipses. I refer to the “mapping” known in the history of cartography as “globular”. This 
is found in the Islamic world in: 

(1) the treatise on cartographic mappings by al-Blrunl, compiled in Central Asia in the early 
11 th century; 

(2) on universal astrolabic instruments invented in al-Andalus in the late 11 th century (see Fig. 
XI-8.3a) and popular for centuries thereafter (Fig. 16a 2 ); and 


2 #102—London, Victoria and Albert Museum London, inv. no. 31—unpublished; see Gunther, Islamic 
Astrolabes, I, p. 233 (no. 102); and Mayer, Islamic Astrolabists, p. 31. 
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Fig. 15g: The rete and plate of a remarkable astrolabe dedicated to the Safavid Shah Husayn ca. 1710 (#3670). 
The meridians on the plate are labelled for the hours, and the horizon on the semi-circular rete is ready to go. 
However, as on most European instruments, it is not clear to me how one should enter the altitude above the 
horizon, unless with a loose ruler held parallel to the horizon. Also, it looks as though the rete is fixed to the 
limbus, and the plate cannot be rotated beneath it. An instrument that can only be used at the equator? [Courtesy 
of the Oriental Department of the Hermitage Museum, St. Petersburg.] 


(3) on a world-map copied in Egypt in the 14 th century, if not before. 

It is not unreasonable to suspect an earlier common source predating al-Blrunl. The same 
projection appears in 13 th -century England with Roger Bacon. This mathematical device was 
certainly not widely known amongst Muslim astronomers. 

17 Concluding remarks 

Now there are about 10,000 surviving manuscripts in Arabic (also Persian and Turkish) dealing 
with astronomy, most of which were copied after, say, 1550. Most of the manuscripts copied 
before then have not survived the vicissitudes of time. What we know about early Islamic 
astronomy is very much a matter of chance, for it has, in the main, to be reconstructed from 
materials in later works or in later manuscripts. Some aspects of late Islamic science can be 
understood only when their inspiration is found in early Islamic texts. Some aspects of medieval 
European astronomy, on the other hand—and here I am thinking particularly of the universal 
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Fig. 16a: The orthogonal projection on the back of a universal astrolabic plate ( zarqalliyya ) made by ‘Abd al- 
Rahman ibn Yusuf in Damascus in 695 H [= 1295/96] (#102). The little “circle of the moon”, also invented 
by the 11 lh -century Andalusl astronomer Ibn al-Zarqalluh, is visible just below the centre: as Roser Puig has 
shown (“Al-Zarqalluh’s Graphical Method”, 1989), this is a highly ingenious device for determining lunar 
distance and parallax. Note that the calendrical scale is for the Western calendar as used in al-Andalus, rather 
than any of the calendars used in the Eastern Islamic world. Yet the astrolabic plate of al-WadaT (see Fig. XIVc- 
3.1), with scales for both the Coptic and Syrian calendars, dates from the mid 13th century. [Courtesy of the 
Victoria and Albert Museum, London.] 


horary quadrant and shadow square—, can only be fully appreciated from early Islamic treatises 
which just happen to be preserved only in late manuscripts. 

The best examples of reconstruction from later works are surely David Pingree’s writings 
on the early astronomers al-Fazarl, Ya'qub ibn Tariq and Abu Ma'shar. 1 But also some fine 
detective work has been done by other researchers, such as Jan Hogendijk, who reconstructed 
al-Khwarizml’s lost sine table from values in a mysterious table for timekeeping. 2 Here are 
some examples relating to instruments from manuscripts copied centuries after the works they 
contain were first compiled: 


1 Pingree, “al-Fazarl”, “Ya'qub ibn Tariq”, and The Thousands of Abu Ma'shar. 

2 See 1-4.3.1 and XI-9.3. 
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Fig. 17a: Zawraql markings for eight different lati¬ 
tudes on a “rete” that can be rotated over a “plate” 
bearing a set of astrolabic markings for the ecliptic and 
fixed stars, as illustrated in al-Blrunl’s treatise on 
astrolabe construction, al-Istiab. Each side of the four 
prongs, which are incorrectly shown as concentric arcs 
of circles, bears a half horizon for a specific latitude. 
The name zawraql , “shaped like a ship”, was clearly 
derived from a pair of single but complete horizons 
bounding a crescent-shaped band: see Fig. 17b. [From 
MS Istanbul Carullah 1451, fol. 29v, courtesy of the 
Suleymaniye Library.] 


Fig. 17b: This diagam in al-Marrakushl’s treatise 
illustrates how the name zawraql came into al-SijzI’s 
mind. Two latitudes are specified here, one on the 
upper side of the “hull” and the other on the lower side. 
[From MS Paris BNF ar. 2508, fol. 49v, courtesy of 
the Bibliotheque Nationale de France.] 


❖ al-Khwarizml’s treatise on the construction and use of the astrolabe survives in a unique 
manuscript in Berlin copied ca. 1500. 3 

❖ The treatise on Habash’s computing device for timekeeping by the stars survives in a 
unique manuscript in Oxford copied in 1242. 

❖ The anonymous 9 th -century Baghdad treatise on the universal horary quadrant with 
movable cursor survives in a unique manuscript in Cairo copied in Meshed ca. 1800. 

❖ The only known illustration of a universal horary dial in the Islamic sources is to be 
found in a manuscript copied in Istanbul ca. 1740. 

We may also mention some late Islamic instruments on which other early innovations are 
represented: 


3 The treatise on the use of the astrolabe was published in German translation by Joseph Frank in 1922. On 
the other treatise see King, “al-Khwarizml”, pp. 22-27. Both are now edited with English translation and 
commentary in Charette & Schmidl, “al-Khwarizml on Instruments”. 
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❖ The zawraql horizons on astrolabe retes, first described in a (non-extant) book by al- 
Sijzi {ca. 990) and briefly mentioned in his book on instrument construction, which are 
otherwise known only from later texts, such as those of al-Blruni and al-Marrakushi, 
and on astrolabes from Lahore and Delhi in the 16 th and 17 th centuries. 4 

❖ The grids on Mecca-centred world-maps for finding without any calculation the 
direction and (sine of) the distance to Mecca, known only from three 17 th -century 
examples which are clearly copies of an earlier prototype. I have shown that the 
geographical data on the maps is taken from a 15 th -century source, and that the formula 
relating the direction and the sine of the distance that underlies the grid was derived 
by Habash in the 9 th century. Jan Hogendijk has established that the determination of 
the qibla by conic sections (the circular arcs on the grids are approximations to ellipses) 
is discussed in a treatise from 10 th -century Baghdad by Abu Ja c far al-Khazin, an author 
midway between Habash and al-Blruni, and in another from mid-11th-century Isfahan 
by a lesser-known author, Abu ‘Abdallah Muhammad ibn Ahmad al-Khaziml, who 
elsewhere cites al-Birunl. 5 

And there are examples of innovations of which we have no later Islamic examples, such as: 

♦♦♦ The scales on the instrument called al-mizan al-Fazari. 6 7 

❖ The transversal scales described by al-Sijzl, mentioned above, otherwise first attested 
in the writings of Levi ben Gerson ca. 13207 

I would be the first to admit that I have failed in my attempt to locate an early Arabic text 
on the universal horary dial. But it would not surprise me if, one day, in some manuscript library 
in Turkey or Iran, or even in Oxford or Paris, a manuscript is discovered containing a short 
text from 9 th - or 10 th -century Baghdad describing an instrument essentially—at least from a 
mathematical point of view—identical with the universal horary dial such as we find, in one 
manifestation, on the navicula, and, in another, on the Brechte plate. 

To summarize my conclusions: 

❖ I have identified two different traditions in the medieval English naviculas,. One is 
attested by the published texts and the instruments associated with Oxford, Florence, 
Greenwich and Colchester. The other is attested by the instrument now in Geneva. 

❖ I have shown that all of the components of the universal horary dial on the front of 
at least the Geneva navicula —a latitude scale based on tan <j>, a declination scale for 
8(1), and the sinical horary markings—were, like the universal horary quadrant and the 
shadow scale on the back of the navicula, known in 9 th -century Baghdad. I have also 
shown that an instrument for timekeeping by the stars for all latitudes was devised by 
Habash al-Hasib in that environment. Both instruments use a mechanical device to 
achieve their aims, which are to generate standard auxiliary functions of Islamic 
timekeeping. 


4 See n. 1:7. 

5 See King, Mecca-Centred World-Maps, pp. 195-371, on the first two, and Vile on the third and Hogendijk’s 
findings. On the choice of data see n. 9:13 above. 

6 See n. 14:2, and also XI-6.4 and 7.2. 

7 Goldstein, The Astronomy of Levi ben Gerson, p. 149. 
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❖ I have shown that the universal horary dial existed in more than one form already before 
1450: the English naviculas of the 14 th century, and the German circular plate of 1434. 

❖ I have found an early-16 th -century instrument with a third form, which is more “original” 
than the other two, in that it is not shaped like a ship, and is not of the German varieties 
preceding the Uhrtafelchen of Regiomontanus. Alas the instrument is not correctly 
assembled to achieve an exact solution. 

To summarize the problems that I have not been able to solve in this study: 

❖ Who was it who first had the brilliant idea of combining a non-uniform latitude scale 
based on tan <|>, which also defined sec <|>, and a non-uniform declination scale based 
on tan 8, which also defined sec 8, and further conceiving a mechanical device to 
generate the quantities £ = tan <|> tan 8 and Q = sec (j) sec 8 and hence yield a solution 
to the problem of finding t(h,8,<|)) on a set of non-uniformly spaced horary markings? 
Alas I still do not know. 

❖ The navicula appears out of the blue in 14*-century England. Two of its three main 
components came from 9 th -century Baghdad. Where did its third and most sophisticated 
component, the universal horary dial, come from? Why were there two traditions? 

❖ Why did the person, presumably an Englishman, who decorated the markings in the 
form of a ship associate that ship with the Venetians? 

❖ An earlier, less developed, version of the same device, not in the form of a ship, is 
found in Vienna in the 15 th century. Where did it come from? Perhaps from England? 
Like the albion of Richard of Wallingford, of which the sole surviving example is from 
Vienna? There were people who could have devised a universal horary dial in 15 th - 
century Vienna, but their leading representative, Regiomontanus, said he took it from 
older sources, which he alas did not identify. 

❖ What were the medieval universal dials known to Regiomontanus? Clearly he knew 
of the kind illustrated in Fig. 10a (and Fig. 2c-d) because that comes from his milieu. 
But did he know the kind found on the Brechte plate or on the English naviculas ? Was 
the contribution of Regiomontanus to this whole business nothing more substantial than 
to propose a latitude “scale” composed of horizontal parallels in order to avoid the “fine 
tuning” I have proposed when setting the bead on the thread on an instrument of the 
Geneva type? 8 

❖ Is the Florence navicula really English? If so, why does it so closely resemble in 
principle the circular dials of the 1434 German tradition and differ so significantly from 
the three “new” English naviculasl Could it be German? Somehow I doubt it, and I 
have given my reasons. 


8 John North (.Richard of Wallingford, II, pp. 29-31) has already pointed out that Regiomontanus’ contribution 
to trigonometry was less than has been claimed in von Braunmuhl, Geschichte der Trigonometric (1900). In 
fairness to Regiomontanus, though, North did not mention Regiomontanus’ tables for solving spherical triangles 
(see 1-10.2). For some exciting new research on the mathematical astronomy of the Vienna school see Kremer 
& Dobrzycki, “Peurbach and Maragha Astronomy?”. It is always healthy to look again at the original sources 
some decades after others have “exhausted” them: on this theme see King, Ciphers of the Monks, p. 2, n. 2. 
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♦♦♦ What was the environment of Brechte in England, where alone some of the saints 
featured on its calendrical dial were venerated? And what inspired the German (?) 
Brechte with the Anglo-French (?) first name Roger to construct an instrument featuring 
mainly state-of-the-art astronomical features from 9 th - and 10 th -century Baghdad, most 
of which are not attested on any other known European instrument from the Middle 
Ages, and in some cases, also the Renaissance? 

The history of universal horary dials from its beginnings to the late Renaissance calls out for 
a detailed investigation. In this study I hope to have provided the initial stimulus for such an 
endeavour. Any accepted conclusions or over-enthusiastic hypotheses could be blown away 
by “the slightest breath of new evidence”. 9 In brief we are talking about a future doctoral 
dissertation for someone who can handle first the trigonometry of spherical astronomy and 
second the primary sources in medieval Arabic, medieval Latin, Middle English and Middle 
German, as well as secondary sources in English, German and Italian. He or she will have to 
work on the previously-unstudied documents from both the English and German tradition of 
the universal horary dial. 10 That future researcher also needs to understand the language of 
instruments, medieval and Renaissance, which is quite different from the language of any texts. 
Attention should be paid to the texts on the construction of the various dials, which I have 
neglected here, and to the details of the individual instruments. A major contribution would 
be to explain the motivation behind the mathematics underlying the construction of the 
“modified” navicula. The history of the dial after ca. 1550 should also be investigated afresh. * 11 
The same person will also need some good luck to discover some new sources—instruments, 
texts, diagrams or tables—that are relevant to the topic. 12 But this is not too much to hope for: 
the three naviculas from 14 th -century England all came to light only during the past 15 years! 


9 John North in Burnett, ed., Adelard of Bath, p. 160, on a different topic. 

10 On the English manuscripts yet to be studied at all see n. 2:4. 

11 See, for example, the instrument from a shipwreck cited in n. 10:11, and also the text to n. 13:5. But one 
has to beware of fakes: see the dubious-looking “ navicula ” in an instrument-box in the National Library of 
Australia (inv. no. NK1278) bearing an inscription “Captain James Cook Anno 1750”, illustrated in http:// 
nla.gov.au/nla.pic-an7905959. 

Proper descriptions of the modus operandi of these horary dials are very rare in the recent literature on 
instrumentation, let alone in works on the history of trigonometry. Thus, for example, those illustrated in Rottel, 
ed., Peter Apian, pp. 87, 88, 93, and 94, are nowhere explained in the accompanying text, which deals in different 
chapters with timekeeping, instruments and trigonometry. 

12 For medieval European manuscripts relating to astronomy the place to start is Zinner, Verzeichnisse. See 
also Schaldach, “Zinner-Archiv”, and Ackermann, “Zinner Archive”. See also n. 10:8. 



APPENDIX A: A LIST OF EARLY UNIVERSAL HORARY DIALS AND RELATED TREATISES 


Note: On the symbol # see n. 1:4 to the main text. 

Universal horary dials: 

#8531 Navicula , English (not German), 14 th century (?), perhaps 15th, length 8.15 cm—Oxford, 

Museum of the History of Science, inv. no. 54358 (formerly G73)—see Gunther, Early 
Science in Oxford , II, pp. 40-41 (misidentified as German); Zinner, Astronomische 
Instrumente , pp. Ill and 116; Brusa, “Navicelle”, p. 55 and figs. 3-4; and now Bennett, 
“Oxford Navicula ” on EPACT. n. 1:4; Figs. 2a-b 

#8532 Navicula without fo’c’s’ls at the sides, 14 th century, German-type design, possibly English 
provenance (the latitude served by the fixed solar scale on the universal horary quadrant 
is 52°), length 9.2 cm—Florence, Museo di storia della scienza, inv. no. 3163— see Brusa, 
“Navicelle”, p. 56 and figs. 7-8; and now A. J. Turner, “Florence Navicula ” on EPACT. 

nn. 1:4, 10:2; Figs. 2c-d, 6c, 10 

#8533 Navicula , ivory, signed by Orontius Finus and dated 1524, and presumably made in Paris 

(the universal horary quadrant bears a zodiacal scale which serves a latitude of ca. 48°- 
49°), the side declination scale is incorrectly graduated, length 14.9 cm—Milan, Museo 
Poldi Pezzoli, inv. no. 4277—see Brusa, “Navicelle”, p. 55 and figs. 5-6; and Fantoni, 
Orologi solari , pp. 414-415 (front and back). nn. 3:14 and 10:9 

#8534 Illustration of a navicula in a set of copper-plates for various instruments, by Georg 
Hartmann of Nuremberg, dated 1527—Weimar, Thiiringische Landesbibliothek, cod. fol. 
max 29, fols. 62v-63v—see Zinner, Astronomische Instrumente , p. 111. Fig. lOe 
#8535 Navicula , signed ‘SF’ (perhaps for Samuel Foster) and dated 1620, possibly French (fleur 

de lis decoration), length 11.2 cm—Cambridge, Whipple Museum of the History of 
Science, inv. no. 731—see Brusa, “Navicelle”, pp. 56-57 and figs. 9-10; Cambridge 
WMHS Catalogue , no. 293; and Eagleton, “Navicula”. 

#8536 Navicula , English, 14 th century, length 11.0 cm—Greenwich, National Maritime Museum, 

inv. no. ASTI 146—see Kragten, Navicula (technical discussion); Daniel, “Greenwich 
Navicula ”, Lippincott, “ Navicula ” (both brief and non-technical); also Hester Higton in 
Greenwich Sundial Catalogue , pp. 249-250 (no. 246), eadem , Portable Sundials , pp. 26- 
30 (problematic). n. 2:8; Figs. 2e-f 

#8537 Navicula , English, 14 th century, length 15.2 cm—Geneva, Musee de l’histoire des sciences, 

inv. no. 2139—see the description by A. J. Turner in Sotheby's London 25.02.93 
Catalogue , p. 73 (lot 386: “possibly 18 th century” 1 ) with colour photos on p. 61; G. Turner, 
Navicula ; and Archinard, “Geneva Navicula ”. n. 2:8; Figs. 2g-h, 7a-c, 9a-b 


1 The reticence of Anthony J. Turner to describe the piece as medieval in the Sotheby’s auction catalogue 
was caused by the remark in the Gentleman’s Magazine of 1787 that readers should make their own instruments 
copying the illustration of the Colchester piece (see Delehar, “Illustrations”, p. 388, and the caption to Fig. 2i). 
Thus a modest price of £5,000 was suggested. (The Greenwich navicula had been purchased a few years 
previously for £80,000.) Since I was stupid enough to tell Sotheby’s that the piece was in fact medieval, it sold 
for £36,000 to a London dealer. He in turn was smart enough to then sell it to a museum for £125,000. 
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#8538 Illustration of navicula , English, 14 th century, size unknown—present location of the 
instrument unknown, ca. 1750 in Colchester, Essex—see Delehar, “Illustrations”, pp. 386- 
388. n. 2:8; Fig. 2i 

#8539 Navicula (?), signed by “Arsenius” in Cologne in 1581, length ca. 17 cm—formerly in 
the British Museum, destroyed in World War II—see Zinner, Astronomische Instrumente , 
p. Ill, and London BM Catalogue , p. 77 (no. M4); not mentioned in Van Cleempoel, 
Louvain Instruments. 

The manuscripts of treatises on the use of the navicula are: 

MS Oxford Bodleian Bodley 68—Latin text from 14 th century England—see Gunther, Early Science 
in Oxford , II, pp. 375-379 and 38-39 (see also pp. 40-41). n. 6:11, 9e:14 

MS Oxford Bodleian Digby 98—Latin text, English provenance, date?—see Gunther, Early Science 
in Oxford , II, p. 41, also with some illustrations. 

MS Cambridge Trinity College 0.5.26—Middle English text, late-14 th -century English provenance— 
published in Price, “ Navicula ”, pp. 402-407. 

On the existence of other manuscripts see North, “Meteoroscope”, p. 58, n. 7. 

Latin manuscripts with geographical tables 
MS Oxford Bodleian Laud Misc. 674 
MS Oxford Bodleian Bodley 68 (see above) 

Universal horary dials not in the form of a ship: 

#8501 Astrolabic plate with universal horary dial, signed by Roger Brechte and dated 1527— 
Oxford, Museum of the History of Science, inventory no. 26323 (formerly St. John’s 
College, Oxford)—see Gunther, Early Science in Oxford , II, pp. 135-140 (no. 56), 
especially the illustrations between pp. 136 and 137; also King, Mecca-Centred World- 
Maps , p. 352, and now Meliconi, “Brechte Plate”, on EPACT. 

13, esp. n. 13:1; Figs. 13a-d 

#8507 An albion from 15 th -century Vienna with universal horary markings and a declination 
scale, but lacking a movable part of some sort—Osservatorio astronomico di Roma— 
unpublished, see North, Richard of Wallingford, III, pi. XXIII; and King, Mecca-Centred 
World-Maps , pp. 318-320 n. 10:16; Fig. lOh 

# - Illustration of a universal horary dial with Arabic inscriptions from 1740—MS Cairo MR 

40 —Cairo ENL Catalogue , I, pp. 439-446, and King, Mecca-Centred World-Maps , pp . 
352-353 and 355. n. 11:1, Fig. 11a 

For manuscripts of the German treatises see Zinner, Astronomische Instrumente , pp. 111-113. 

Regiomontanus-type dials: 

#5524 = #8513 Dial attributable to Hans Dorn ca. 1485—Bielefeld, Kunstgewerbesammlung der Stadt, 
Stiftung Huelsmann, inv. no. HW 97—description in Bielefeld Catalogue , pp. 69-70 (no. 
9). n. 10:4, Figs. lOc-d 

Organa Ptolemaei'. 

#256 Astrolabe in the Regiomontanus tradition with later (16 th -century) inscriptions—private 

collection—see Gunther, Astrolabes , II, p. 434 (no. 256); King & Turner, “Regio- 


n. 9:11 
n. 9:14 
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montanus’ Astrolabe”, p. 189 and figs. 18-19; and G. Turner in Christie's London 
08.04.1998 Catalogue , pp. 70-73 (lot 49). n. 15:4; Fig. 15a 

#492 Unsigned astrolabe attributable to Hans Dorn, dated 1483—Florence, Museo di Storia della 

Scienza, inv. no. 1096—see King, “Astronomical Instruments between East and West”, 
p. 186; and EPACT. n. 15:8; Fig. 15b 

#640 Astrolabe presented by Regiomontanus to Cardinal Bessarion in 1462—private collec¬ 

tion—see Price, “Regiomontanus’ Astrolabe”; and King & Turner, “Regiomontanus’ 
Astrolabe”, pp. 170-186 and figs. 1-9. n. 15:3 

#4510 Celestial globe with universal dial attached, attributable to Hans Dorn and dated 1480— 
Cracow, Jagiellonian Museum, inv. no. 4039-37/V—see King, “Astronomical Instruments 
beteween East and West”, p. 188, references to Polish publications; and Washington 1992 
Exhibition Catalogue , pp. 221-222 (no 120). n. 15:7 

#8512 German organum Ptolemaei datable ca. 1550—Munich, Deutsches Museum, inv. no. 

1696—see Munich Catalogue , pp. 243-251 (no. 8). n. 15:9; Fig. 15c 

For manuscripts on the organum from the German milieu see Zinner, Astronomische 
Instrumente , pp. 132-133. 


APPENDIX B: OTHER INSTRUMENTS AND MANUSCRIPTS CITED 

#2 Byzantine astrolabe dated 1062 — Brescia, Museo dell’Eta Cristiana, inv. no. 36, on which 

see Gunther, Astrolabes , I, pp. 104-108 (no. 2), after a study by O. M. Dalton (1926); also 
now XIIIa-4. n. 9:5 

#100 Astrolabe by Hamid ibn c All (al-Wasitl), dated 343 H [= 954/55] — present location unknown, 

stolen from the Museo Nazionale in Palermo — see Mortillaro, “Astrolabio arabo”; King, 
Mecca-Centred World-Maps , p. 356; and now XIIIc-8.1. n. 9:2 

#102 Astrolabic plate with universal shakkaziyya , signed by c Abd al-Rahman ibn Yusuf in 695 H 

[= 1295/96] — London, Victoria and Albert Museum London, inv. no. 31 — unpublished; 
see Gunther, Islamic Astrolabes, I, p. 233 (no. 102); and Mayer, Islamic Astrolabists, p. 31. 

n. 16:2, Fig. 16a 

#107 Astrolabic plate with inscriptions in Arabic and Coptic by Hasan ibn c All, dated 681 H 

[= 1282/83] — Oxford, Museum of the History of Science, inv. no. LE 2019 (new 49861) — 
see Gunther, Astrolabes , I, pp. 239-240 (no. 107); Mayer, Islamic Astrolabists, p. 46; and 
now XIIIc-3.2. n. 9:6, Fig. 16a 

#290 English astrolabe datable ca. 1300 — London, British Museum, inv. no. MLA SL54 — see 

Gunther, Astrolabes , II, pp. 463-465 and pis. CXXVI-VII (no. 290); King, Ciphers of the 
Monks , pp. 383 and 389 (on the quatrefoil decoration); and now Ackermann, “Sloane 
Astrolabe”, on the website EPACT. n. 6:6 

#291 English astrolabe dated 1326 — London, British Museum, inv. no. 1909 6-17 1 — see Gunther, 

Astrolabes , II, pp. 465-467 (no. 291); London BM Catalogue , pp. 112-113 (no. 325) and pi. 
LI; also EPACT. n. 1:5 

#292 English astrolabe signed by Blakeney and dated 1342 — London, British Museum, inv. no. 

53 11-4 1 — see Gunther, Astrolabes , II, pp. 468-469 (no. 292); London BM Catalogue , pp. 
113 (no. 326) and pi. LII; also EPACT. n. 1:5 

#298 14 th -century English astrolabe — London, British Museum, inv. no. 1914 2-19 1 — see 

Gunther, Astrolabes , II, p. 474 (no. 298), and London BM Catalogue , p. 113 (no. 327); also 
EPACT. n. 9:10 

#1130 Undated astrolabe by Nastulus (Baghdad, ca. 925) — Cairo, Museum of Islamic Art, inv. no. 

15351 — unpublished; see King, “Geography of Astrolabes”, pp. 29-31; and now XIIIc-3.2. 

n. 9:6 

#1179 10 th -century Islamic astrolabe by Muhammad ibn Shaddad (al-Baladi) with four different 
shadow-scales on the back — present location unknown, formerly (in 1864) in the collection 
of Dr. Wetzstein, Berlin — see Dorn, “Drei arabische Instrumente”, pp. 115-118 (I, pp. 461- 
464 of the reprint); King, Mecca-Centred World-Maps , p. 354, n. 103; and now XIIIc-4. 

n. 9:4 

#1207 Astrolabe signed by Muhammad Khalil and Muhammad Baqir and dated 1094 H [= 1683], 
with some unusual plates — Paris, Observatoire de Paris — unpublished; see King, Mecca- 
Centred World-Maps , p. 320. n. 15:14 

#2072 Quatrefoil astrolabe owned by Ludolfus de Scicte, treasurer of the Cathedral in Einbeck 
during 1322-42 — Cracow, Jagiellonian Museum, inv. no. 41/V — unpublished; on the maker 
see Hartel, “Ludolfus Borchdorp de Brunswik”. n. 6:16 
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#3042 Undated , unsigned astrolabe with Latin inscriptions from 10 th -century Catalonia — Paris, 
Institut du Monde Arabe, inv. no. AI86-31 — see Destombes, 4 Astrolabe carolingien”; various 
papers in Stevens et al., eds, The Oldest Latin Astrolabe', also King, Ciphers of the Monks , p. 
440; and now X-4.8 and XIIIa-9. nn. 1:5 and 14:12 

#3670 Unsigned 17 th -century Iranian astrolabe featuring an orthogonal grid and “rete” — St. 

Petersburg, Hermitage Museum, inv. no. VC 512 — unpublished; illustrated in Maistrov, 
Nauchnyepribory , p. 43 (no. 17) and pis. 81-82; also King, Mecca-Centred World-Maps , pp. 
321-322 and n. 134. n. 15:15, Fig. 15g 

#4036 Astrolabe with inscriptions in Arabic and Coptic by Hasan ibn c Umar al-Naqqash, dated 
Cairo, also 681 H [= 1282/83] — Istanbul, Turk ve islam Eseleri Miizesi, inv. no. 2970 — 
unpublished; see King, Mecca-Centred World-Maps , pp. 76-78, and now XIIIc-3.2 and XV- 
3.29. n. 9:6 

#4546 14 th -century English astrolabe — Innsbruck, Tiroler Landesmuseum Ferdinandeum, inv. no. 

2957 — unpublished; see King, ‘Astronomical Instrumentation between East and West”, pp. 
168 and 189, and idem, Mecca-Centred World-Maps , p. 352, n. 94. n. 9:9, Fig. 9c 

#4580 16 th -century astrolabe with 44 de Rojas”-projaction on the back — Liege, Musee de la vie 
Wallonne, inv. no. 36 — see Brussels 1984 Exhibition Catalogue , pp. 41-42 (no. 12). 

Fig. 15f 

#5550 14 th -century English sexagenarium with calendar scales on the back — Oxford, Museum of 
History of Science, inv. no. ? — see Gunther, Early Science in Oxford, II, pp. 173-174 (no. 
69) and the plate before p. 175; also Poulle, “Instruments astronomiques”, 1983 edn., pp. 
38-39; and especially idem , “Sexagenarium”, and now Aguiar & Marrero, Sexagenarium. 

n. 14:16 

#5521 English quadrant dated 1398 — Dorchester, Dorchester Museum — see the discussion in 
London BM Catalogue, pp. 55-56 (no. 146), and pis. XVII-XVIII; and Ackermann & Cherry, 
“Three Medieval English Quadrants”. nn. 1:5, 6:7 

#5522 English quadrant dated 1399 — London, British Museum, inv. no. 60 5-19 1 — see London 
BM Catalogue, pp. 55-56 (no. 146), and pis. XVII-XVIII; G. Turner, “Whitwell’s Addition to 
a 14 th -Century Quadrant”; Ackermann & Cherry, op. cit., and EPACT. nn. 1:5, 6:7 

#5523 Undated English quadrant — London, British Museum, inv. no. 56 6-27 155 — see London 
BM Catalogue, p. 56 (no. 147); and Ackermann & Cherry, op. cit. nn. 1:5, 6:7 

#5524 Horary quadrant and universal horary dial attributable to Hans Dorn ca. 1480 — Bielefeld, 
Kunstgewerbesammlung der Stadt, Stiftung Huelsmann, inv. no. HW 97 — published in 
Bielefeld Catalogue, pp. 69-70 (no. 9) 10:4, Figs. lOc-d 

#7315 Vertical sundial for Damascus and Aleppo by Abu T-Faraj c Isa dated 554 H [= 1159/60] — 
Paris, Bibliotheque Nationale de France, inv. F. 6909 (7315) — see Casanova, “Cadran solaire 
syrien”; and Paris IMA 1993/94 Exhibition Catalogue, pp. 436-437 (no. 332), andnowXIVb- 
1 and also IV-7.4. n. 14:3 

#8500 1 l th -century two-dimensional instrument bearing orthogonal projection of the main markings 

on the celestial sphere — Regensburg, Stadtsmuseum — see Zinner, “Lehrgerat”, and VIII- 
3, corresponding to King, “Aspekte”, p. 140-141, and Fig. VIII-3.3. n. 15:2 

Other manuscripts cited: 

MSS Cairo MR 40-41 and J 635 — collection of treatises copied by Mustafa Sidql ca. 1740 n. 11:1 
MS Istanbul Topkapl Ahmet IIII 3342 — contains al-SijzI’s treatise on astrolabe construction n. 13:10 
MS Istanbul Yeni Cami 784,2 — astronomical handbook of Habash n. 5:4 
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Selected early Islamic astrolabes 


a) 

b) 

c) 

d) 

e) 

Notes: 

In XHIa I have inserted various references to standard features of astrolabes so that these are 
included here once and for all time. A certain amount of repetition of the information contained in 
X could not be avoided without disturbing the integrity of the individual studies. In XHIb-d I 
have removed the inevitable sections on “What is an Astrolabe?” and most references to my 
catalogue of medieval instruments currently in preparation (see XVIII). 


The neglected astrolabe—A supplement to the standard literature on the favourite 

astronomical instrument of the Middle Ages 

The oldest astrolabe in the world, from 8 th -century Baghdad 

The earliest astrolabes from Iraq and Iran ( ca . 850 to ca. 1100) 

A medieval Italian testimonial to an early Islamic tradition of non-standard astrolabes 
The origin of the astrolabe according to the medieval Islamic sources 




Part XHIa 

The neglected astrolabe 

A supplement to the standard literature 
on the favourite astronomical instrument 
of the Middle Ages 




To the memory of Alain Brieux 




DEDICATION, 

ACKNOWLEDGEMENTS AND NOTES TO THIS VERSION 


“It was his desire to understand more of the objects that now increasingly occupied his time 
that led Brieux first to more detailed study of mathematics and astronomy, and then to the 
study of Arabic. From 1960 onwards, when [the French Arabist] Gaston Wiet suggested to 
him that he undertake a supplement to L. A. Mayer, Islamic Astrolabists and their Works , 
Geneva, 1956, he devoted much of his leisure to the task, travelling widely in the Near East, 
North Africa, Europe and America to examine the instruments, and maintaining an extensive 
scholarly correspondence about them. Faced with the difficulty of finding good photographs 
for study, Brieux began to take his own, and in this activity also developed a high proficiency. 
At the same time his earlier interests were not forgotten. In 1965 he published a long poem 
“Le Chateau de Prague”, and in 1970 a volume of collected poems, besides a number of 
learned studies. All this took place at the same time as his stature was growing in his profession, 
especially after his exposure of a series of important auction sales, culminating in that of the 
Leonard Linton collection in 1980, made severe demands upon his time. In 1981 Alain Brieux 
was elected a corresponding member of the Academie Internationale d’Histoire des Sciences.” 
Anthony Turner, “Alain Brieux” (1986), p. 186. 

“In 1972 Alain was visited by an Englishman offering old scientific instruments which 
supposedly had been found in his grandmother’s attic. He bought several but when he was 
offered a semi-circle by Michel Coignet which was well-known from a book illustration, he 
became suspicious. He kept the instrument on approval, and through careful study of the 
object and metal analysis discovered that it had been made recently. Realizing that perhaps 
he was on to a major fraud, he contacted Scotland Yard. Subsequent police investigations 
showed that the forgeries had been made in England and that there were many more. These 
forgeries drew international attention and the maker was convicted at the Old Bailey.” Willem 
Morzer Bruyns, “Alain Brieux” (2001), p. 706. 


This study is dedicated to the memory of Alain Brieux (1922-1985), the owner of the well- 
known librairie in the Rue Jacob in Paris, dealer par excellence in scientific instruments, 
gentleman-scholar, humanist and poet. For those who never had the privilege of knowing the 
man, the sentiments expressed by Anthony J. Turner in his eloge , “Alan Brieux (1922-1985)”, 
Nuncius 1 (1986), pp. 185-187, and Willem F. J. Morzer Bruyns on his legacy, in “Alain 
Brieux, Dealer and Scholar in Paris: His Archive on Scientific Instruments”, ibid. 16 (2001), 
pp. 703-709, must suffice. 

Several of the instruments described in this volume (especially XIIIc) were formerly in the 
collection of Alain Brieux, and he alone at the time recognized their significance. Others could 
read the inscriptions better and others knew better how they worked, but Alain had a feel for 
instruments second to none in those days, and he simply knew what he had in his hands. Alain 
helped me considerably at the beginning of my researches on Islamic instruments in the mid 
1970s, not least with the provision of photos of this instrument or that (such as the astrolabe- 
equatorium of Hibatallah). Well I remember staying overnight in his photo studio in Paris in 
the mid 1970s, surrounded by all sorts of silver umbrellas, and going with him to one of his 
favourite bistros just to talk about Islamic instruments. This was quite a treat for a lad from 
Cairo. 
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One of Alain’s dreams was to publish a Repertoire of Muslim instrument-makers and their 
works to replace the standard work of L. A. Mayer ( Islamic Astrolabists and Their Works, 
1956). Together with Francis Maddison of Oxford, he put together an enormous volume of 
materials that have yet to appear in print, but the end is in sight, not least thanks to the 
undaunting efforts of Alain’s widow, Dominique. 

Dominique has valiantly kept the librairie going until the present time, although shortly that 
era will end, and we shall become neighbours. In the early 1990s she kindly provided me with 
a set of photos that were left over from the Repertoire. And it was Dominique who asked me 
“// s’agit de quel astrolabe' ?” in my paper entitled “The Neglected Astrolabe”; the answer, 
which does sound a bit arrogant, was: “tous les astrolabes medievaux ”. 

Some parts of this study dealing with Islamic astrolabes appeared originally as “The 
Neglected Astrolabe”, in Mathematische Probleme in Mittelalter—Der lateinische und ara- 
bische Sprachbereich, Menso Folkerts, ed., Wiesbaden: Harrassowitz, 1996, pp. 45-55, in the 
proceedings of a conference on medieval mathematics held at the Herzog-August-Bibliothek 
in Wolfenbiittel in June, 1990. I have added materials on medieval European instruments from 
The Ciphers of the Monks, pp. 359-363 (Appendix G: The principle and use of the astrolabe), 
and 364-379 (Appendix H: On medieval European astronomical instruments). 

This is not the place for an introductory account of the astrolabe. The reader will surely have 
access to at least some of the various studies listed in n. 2 below, some of which ignore the 
surviving instruments. Also a new English study of the astrolabe by Jim Morrison 
(www.astrolabes.com) is currently being completed, and should be available soon. The basic 
references given in this study are not repeated in the astrolabe descriptions that follow in XIII- 
XV. 
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1 The principle and use of the astrolabe 


“The greatness of the Astrolabe is due to the fact that, like other great scientific apparatus, it 
is the result of a combination of many discoveries and inventions. It is the product of the 
human mind acting simultaneously in several directions, which, aided by the mechanical skill 
of generations of instrument makers, has created a new organ by means of which previously 
laborious operations have been simplified and new paths have been cleared for future progress.” 
Robert T. Gunther, The Astrolabes of the World (1932), I, p. v. 

“The astrolabe was essentially an instrument for measuring the angular distance between two 
objects, and thus it could be used for taking the elevation of a heavenly body. ... The astrolabe 
was most convenient in tropical latitudes where the variation in the altitude of the sun is 

great, and for this reason it was much used by the Arabs;.Arabic astrolabes ... do not 

show much development compared ... with later Western ones, especially in the 16 th century.” 
Alistair C. Crombie, Augustine to Galileo (1952), I, p. 107. 

“The astrolabe made it possible to read off longitude and latitude with the aid of its dioptra.” 
Hans-Wilhelm Haussig, History of Byzantine Civilization (1971 English translation from the 
2 nd German edition of 1966), p. 122. [Not one word about the sole surviving Byzantine astrolabe 
of 1062, perhaps just as well.] 

“The ability of Islamic civilization to perfect what it inherited, and to endow what it made 
with beauty, is nowhere better expressed than in the astrolabe.” Oliver Hoare in Riyadh 1985 
Exhibition Catalogue , p. 81. 

“Con^u a Torigine pour determiner les hauteurs des etoiles au-dessus de Thorizon, Tastrolabe 
s’est progressivement transforme en un instrument de navigation complique, empruntant les 
symboles de sa decoration a la tradition astronomique.” Ivars Peterson, Chaos (1993/95), p. 
41. [Such chaotic descriptions of the astrolabe abound in the popular and scholarly literature. 
The astrolabe was never used in navigation.] 

“A 9 th -century astrolabe from Iraq used to decipher the celestial mechanism that was said to 
govern life on earth.” An absurd caption to an illustration of an astrolabe from 10 th -century 
Baghdad (appropriately, in this case, with the alidade attached to the front) in Concise 
Encyclopaedia of the Middle Ages (1989/1991), p. 40. [Such nonsense is unexpected in a 
serious scholarly publication.] 

“Like the modern electronic computer, the astrolabe in the Middle Ages was a source of 
astonishment and amusement, of annoyance and incomprehension. Imprecise as the astrolabe 
may have been in practice, it was undoubtedly useful, above all in judging the time. The 
instrument might have been used, more often than not, in the dark, but ‘dark’ is hardly the 
word to describe the age in which it was so widely known and so well understood.” John D. 
North, “The Astrolabe” (1974/1989), p. 220 (reprint). 

“Fer la historia de Tastrolabi pla es una mica com fer la historia de Tastronomia o, almenys, 
d’un dels seus aspectes mes destacats.” Josep Chabas & Daniel Bosch, Lastrolabipla (1987), 
p. 9. 

“The astrolabe, the most important astronomical instrument of the Middle Ages, was designed 
to measure the altitude of the stars, moon or sun without any mathematical calculation [!]. It 
was used in much the same way as the astronomical quadrant or sextant [!], but in addition it 
bore various diagrams [?] or scales [?] which made it possible to determine immediately the 
positions of the sun, moon, and planets [!!]—most significant, the earth [!!!]—in relation to 
the fixed stars.” J. Michael Rogers in Washington LC 1992 Exhibition Catalogue , pp. 215. 
[Exhibitions are well advised to keep astrolabes out of the hands of art historians.] 

“Weshalb interessieren Sie sich fur Astrolabien? Sie sind doch Professor.” Comment made to 
the author by a (junior) curator of scientific instruments in a German museum, Summer, 
1991. 


For the purposes of ancient and medieval astronomy, and for many other purposes, it is useful 
to imagine the heavens on a sphere about the observer. That celestial sphere appears to rotate 
with respect to the horizon and meridian of the observer, which together provide a fixed frame 
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enclosing the sphere. The apparent rotation is about a celestial axis, whose position is dependent 
on the latitude of the locality of the observer. With such an arrangement, one can simulate 
the apparent daily rotation of that sky about the observer and his horizon. We further conceive 
the celestial equator and the ecliptic on the sphere, and with the rotation of the sphere about 
the celestial axis, all celestial bodies appear to move in small circles parallel to the celestial 
equator. The day-circles of the sun, which are limited by the day-circles at the solstices, depend 
on the position of the sun on the ecliptic. This model also enables us to control the position 
of the ecliptic relative to the horizon and meridian. 1 The astrolabe—the most popular instrument 
of the Middle Ages—achieves all of the above in two dimensions. 2 

The astrolabe is thus a two-dimensional model of the three-dimensional celestial sphere, 
reduced to a plane by a mathematical projection known as stereographic. The theory of 
stereographic projection dates back to Hipparchus (about 150 B.C.). The projection is achieved 
in the plane of the celestial equator so that the centre represents the celestial pole and clockwise 
rotations correspond to rotations of the celestial sphere. The projection is effected from the 
south celestial pole, for it is the northern sky that is of interest to an observer in the northern 
hemisphere: on the standard astrolabe the projection is bounded by the circle corresponding 
to the outermost reaches of the sun from the celestial pole, that is, by the circle corresponding 
to the Tropic of Capricorn. 

The standard astrolabe consists of two main parts. The celestial part, called the rete, is in 
the form of a perforated frame with pointers representing various fixed stars and an excentric 
circular ring representing the ecliptic. The terrestrial part, called the plate, bears markings for 
a specific latitude, including the horizon and the meridian, as well as altitudes above the horizon 
and azimuths around it. The celestial part can rotate over the terrestrial part, very much as it 
appears to do in reality. A different plate is needed for each terrestrial latitude, and the set 


1 On these notions see Aaboe, Episodes, B, pp. 1-23 (“What every young person should know about naked- 
eye astronomy”). On the origins of these notions see now Brack-Bemsen, “The Oblique Great Circle”. 

2 Important basic studies on the astrolabe are listed as Hartner, “The Astrolabe”, A-B, and Michel, Astrolabe. 
Lehr, De geschiedenis van het astronomisch kunstuurwerk, pp. 111-131, contains a useful section on the geometry 
of stereographic projection. The best introductions to the astrolabe in English are still North, “The Astrolabe”, 
and Greenwich Astrolabe Booklet. See also Garcia Franco, Astrolabios en Espaha (in Spanish); Poulle, 
“L’astrolabe”, and d’Hollander, L ’Astrolabe (in French); Chabas & Bosch, L ’astrolabi pla (in Catalan); King, 
“Niimberger Astrolabien”, I, pp. 101-114, and Stautz, Munich Astrolabe Catalogue (in German); and Trento, 
Astrolabio (in Italian). The last-mentioned is a most useful addition to the literature, with many illustrations 
of historical interest. A new book in English by Jim Morrison is in the final stages of preparation (see 
www.astrolabes.com); see already his “The Electronic Astrolabe”. Astrolabe “kits” are listed as Greenwich 
Astrolabe Booklet and Chicago Astrolabe Booklet. A survey of this popular literature and some critical remarks 
about one of the least successful books on the subject is in G. Turner, “Review of d’Hollander, Astrolabes ”. 

Useful catalogues dealing with all aspects of several instruments, except the technological ones, are Garcia 
Franco, Astrolabios en Espaha; Gibbs & Saliba, Washington NMAH Catalogue; King, “Niimberger Astrolabien”; 
Stautz, Munich Astrolabe Catalogue; and, most recently Chicago AP Catalogue. 

It should be mentioned that, contrary to many claims in the tertiary literature, the astrolabe was not used 
in navigation. Unfortunately, other instruments that had nothing to do with our neglected astrolabe were also 
called “astrolabes”. One was the so-called “mariner’s astrolabe”, which is nothing other than a device for 
measuring celestial altitudes: see Stimson, The Mariner’s Astrolabe. A valuable, more recent study is Maddison, 
“Origin of the Mariner’s Astrolabe”. Another was a “plane table” for surveying, being nothing more than a 
graduated circular horizontal plate fitted with an alidade. Such is the “astrolabe” of Tobias Mayer (Germany, 
mid 18 th century): see Forbes, “Tobias Mayer’s New Astrolabe”. 
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Fig. 1.1: The components of the standard astrolabe. The rete fits over the plates, which fit into the mater. The 
plates are held in position by pegs that fit into a hole inside the rim of the mater, and the rete is free to be 
rotated over the appropriate plate. Three plates are shown here, whose six sides, together with the mater, can 
be engraved with markings for the seven climates. The ensemble is held together at the centre by a pin, which 
is fitted with a wedge, often in the form of a horse’s head. [From King, The Ciphers of the Monks , p. 361, 
originally adapted, with permission, from North, “The Astrolabe”.] 
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Fig. 1.2: The rete shows the positions of various fixed stars, indicated by named pointers, and the path of the 
sun, known as the ecliptic, represented by an excentric ring divided for the signs of the zodiac. This particular 
rete is from the earliest surviving astrolabe from al-Andalus, perhaps as early as the 10 th century (#110 = #135). 
Alas, the piece is unsigned and undated, but, by way of compensation, it has additional, but still medieval, 
markings by an Italian (witness the form SAGIPT). The rather simple rete is in the style of ‘Iraqi astrolabes 
from the 10 th century (see XHIb-c) and resembles the rete of a contemporaneous AndalusI astrolabe illustrated 
by a European (see Fig. 9.2a). See Fig. 1.3 for a plate from this astrolabe. [Courtesy of The British Museum, 
London.] 


of plates for different latitudes with the rete on top fits inside a frame known as the mater, 
which also provides a circumferential scale for the ensemble: see Fig. 1.1. 

The rete features a horizontal (equinoctial) axis and sometimes a vertical (solstitial) axis, 
and it is bounded by a circular frame (corresponding to the Tropic of Capricorn). In the upper 
part of the central space is a circular frame corresponding to the ecliptic, which is divided 
counter-clockwise according to the signs of the zodiac. The vernal equinox, or beginning of 
Aries, is on the left of the ecliptic scale, at the intersection with the equinoctial axis, and the 
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autumnal equinox, or beginning of Libra, is at the corresponding point on the right. The summer 
solstice, or beginning of Cancer is at the lower limit of the ecliptic, and the winter solstice, 
or beginning of Capricorn, is at the uppermost limit. The outer frame is usually open at the 
top so as not to interfere with this part of the ecliptic. There is usually an additional frame 
below the ecliptic, corresponding roughly or exactly to the circle of the celestial equator. This 
serves to strengthen the rete (if it is connected to the ecliptic as well as the outer frame) and 
to provide a base for star-pointers. 

There is a great deal of work remaining to be done on the stars featured on astrolabes. The early 
instruments presented in XIIIc hardly give any idea of the complexity of the situation, although 
al-Khujandl (XIIIc-9) already goes far beyond the 17 stars of Greek and early Islamic astrolabes. 
Later ones, such as those in XIVd-2 and XIVe-1, reveal that Muslim astrolabists ventured far 
beyond the initial 17 stars of Greek astrolabes and did not rely on al-Sufi’s list of 44 astrolabe 
stars. In some cases, stars were selected to maintain the symmetry of the pointers with respect to 
the vertical axis of the retes; over several centuries, different sets of stars would satisfy this 
criterion. The complexity of the situation is well revealed by the fact that the Yemeni Sultan al- 
Ashraf (XlVa) presents two different lists of astrolabe stars and on his surviving astrolabe he 
uses a third set of stars. The writings of Paul Kunitzsch, based mainly but not exclusively on the 
manuscript tradition, represent a sound foundation for further research on this fascinating topic. 
However, of all the available star catalogues, only those of al-Suft and Ulugh Beg have attracted 
much attention. Only in the past few years has an edition of the star-table compiled by the 
astronomers of the Caliph al-Ma’mun in the middle of the first half of the 9 th century been published. 

Astrolabic plates for different latitudes developed from the ancient Greek notion of providing 
a separate plate for each of the seven climates of classical geography, thus ensuring that the 
instrument remained ‘universal’ in its application. 3 The earliest surviving Eastern Islamic 
astrolabe and also the earliest known Western Islamic astrolabe have plates for the climates, 
as do some of the earliest European astrolabes. But there was also a tendency, attested already 
on the only surviving astrolabe with Greek inscriptions and dated 1062 (see below), to choose 
latitudes of important localities for the plates. Thus, the plates on an Islamic astrolabe might 
serve a string of latitudes corresponding to certain local urban centres, as well as, perhaps, 
Mecca and Medina. In the same way, medieval European astrolabes might serve a string of 
latitudes for localities in the cultural region of the maker, as well as, perhaps, Jerusalem. 
Alongside the latitude, the length of longest daylight may be stated, underlying which will be 
a value of the obliquity of the ecliptic. 4 

On each plate, the local meridian is the vertical diameter, and the perpendicular diameter 
is also drawn. There are three base circles corresponding to the Tropic of Cancer on the inside, 
the celestial equator in the middle, and the Tropic of Capricorn on the outside. There are two 
other main sets of markings, corresponding roughly to the upper and lower halves of the plate. 


3 On this see King, “Geography of Astrolabes”, now in XVI. 

4 On the possible values of the obliquity of the ecliptic underlying the associated lengths of longest daylight 
see the EI 2 articles “Mayl” [= declination and obliquity] and “Mintakat al-burudj” [= ecliptic]. On the lengths 
of daylight for specific latitudes, see also King, Mecca-Centred World-Maps, pp. 75-76. 
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Fig. 1.3: One side of a plate from the astrolabe shown in Fig. 1.2. There are altitude circles for each 6° and 
azimuth circles for each 10°. The Arabic inscription informs us that the latitude served in 42°, and that the maker 
had Saragossa, Medinaceli and Santarem in mind. The medieval Italian who added markings to this piece 
interpreted the latitude as 41°. The altitude circle for 18° is marked for the prayers at daybreak and nightfall 
(for these, one uses the ecliptic longitude opposite that of the sun). Amongst the markings for the seasonal hours 
below the horizon we find special curves for the zuhr and c asr prayers (in al-Andalus the former was defined 
in terms of shadow lengths, which explain why it is so late—about two hours—after midday). [Courtesy of The 
British Museum, London.] 


—^ 

Fig. 1.4: The back of an astrolabe by Ahmad ibn Husayn ibn Baso of Granada dated 704 H [= 1304/05] (#144). 
Some of the Arabic inscriptions have been rendered in medieval Latin by an Italian (note the OTO for October). 
Around the upper rim are two altitude scales. Inside these are two scales linking the passage of the sun around 
the ecliptic to the Western months. The equinox is at March 13.5, which is more appropriate for epoch 1200 
than 1300. Note that the inner scale is not concentric with the outer one, which is also in order. Below the 
horizontal diameter is a double shadow-square to base 12, and the vertical and horizontal shadows for reasonable 
solar altitudes are also displayed on the (unique kind of) shadow scales on the lower rim (see XIIb-A). Above 
the horizontal diameter is an inscription identifying the maker and stating the year of construction. [Private 
collection; photo courtesy of the owner.] 
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The upper markings show the horizon as an arc of a circle passing through the intersections 
of the east-west line, that is, the horizontal diameter, with the celestial equator. Above this 
is a series of arcs of circles decreasing in radius up to a point that corresponds to the zenith, 
or point directly overhead. These are the altitude circles, and they may be engraved for each 
1°, 2°, 3°, 4°, 5° or 6° of argument. 43 An orthogonal set of arcs of circles emanating from the 
zenith and reaching down to cut the horizon at right angles are the circles of azimuth, or 
direction measured around the horizon, and they may be represented for each few degrees. The 
arguments are usually marked on each set of circular arcs. Below the horizon there may be 
a curve representing the angle of depression of the sun below the horizon at nightfall or 
daybreak. On Islamic astrolabes, these may labelled for the associated prayers, the Hsha and 
the fajr. Sometimes these times are marked above the horizon, in which case to use them one 
must work with the opposite point of the ecliptic from the sun’s longitude. 

Also, below the horizon, there is a set of arcs of circles representing the seasonal hours. These 
curves divide the arcs of the three base circles below the horizon into 12 equal parts. The 
seasonal hours, one-twelfth divisions of the length of daylight throughout the year, were in 
standard use in Antiquity and the Middle Ages. * 5 They vary according to the local latitude and 
the time of the year. Amidst these markings on Islamic astrolabes we sometimes find additional 
markings for the zuhr and c a.sr prayers. 6 Equinoctial hours, or 24 th divisions of the length of 
day and night, as we use today, were used by astronomers in the Middle Ages, and are 
represented on the astrolabe by a rotation of the rete over a plate by an amount of 15° (= 360°/ 
24). They are sometimes marked on the rim of the mater of the astrolabe. 

The back of the mater on the standard astrolabe bears one or two altitude scales on its upper 
rim and is fitted with a sighting device called an alidade attached at the centre. With these, 
one can measure solar or stellar altitudes. For timekeeping at night, one can then use the 
appropriate star-pointer on the rete, but for the sun, one first needs to know whereabouts the 
sun is on the ecliptic. For this purpose, calendrical and zodiacal scales may be available on 
the back of the mater to show the solar longitude in terms of the date in the Julian calendar. 
Since the earth’s orbit around the sun is not circular, the sun’s motion viewed from earth is 
not regular. This irregularity is controlled on the astrolabe either by making the calendrical 
scale non-concentric with the outer solar scale or by making it concentric but with non-uniform 
divisions. From such a scale, one can immediately read the solar longitude on any day of the 
year, or, for example, the date of the equinox. Knowing the solar longitude for the day in 
question one can then find the corresponding point on the ecliptic on the rete. 7 

Additional markings inside the upper area of the back bounded by these two scales often 
include a set of arcs of circles that enable the user to calculate the time of day in seasonal 
hours for any terrestrial latitude. These markings were devised in Baghdad in the 9 th century 


4a On a medieval Latin treatise labouring the point see Kunitzsch, “Six Kinds of Astrolabe”. 

5 On the seasonal hours see the references cited in n. 4 to III-l.l. 

6 These no longer coincide with the seasonal hours with which their standard definitions, dating from the 
8 th century, were originally associated: see III-1.2 and IV-2. 

7 For various reasons it is dangerous to try to date any instrument by the correspondence of the solar and 
calendrical scales. See the references in n. 37 below. 



THE NEGLECTED ASTROLABE 


355 


to solve graphically an approximate Indian formula for timekeeping. 8 They are easy to engrave 
and were still being put on the backs of astrolabes in Europe in the 17 th century, long after 
their origin (and, in some cases, also their original purpose) had been forgotten. They serve 
to determine time of day quite reasonably in the latitudes of the Eastern Mediterranean but 
not in those of Northern Europe. 

Below the horizontal diameter on the back is usually a single or a double shadow square, 
consisting of a set of horizontal and vertical scales for measuring shadow lengths corresponding 
to solar altitudes measured on the upper altitude scale diagonally opposite. The former measure 
horizontal shadows of a vertical object and the latter vertical shadows of a horizontal object. 
At solar latitude 45° both shadows are equal to the length of the object casting the shadow, 
invariably taken as having length 12 “digits”, sometimes also, on a different scale, 7 “feet”. 9 
These shadow scales were also devised in Baghdad in the 9 th century and were standard on 
astrolabes through to the Renaissance. 10 

Besides having a scientific function, the astrolabe can be an object of beauty. It is the rete 
or celestial part of the instrument that provides the main aesthetic appeal. Often the horizontal 
(equinoctial) and vertical (solstitial) bars are counter-changed in various places along their 
length. Rete-design depended on which individual stars needed to be portrayed, and special 
features were introduced to reduce the lengths of various star-pointers. Popular on Western 
Islamic astrolabes were frames in the form of mihrabs along the lower rim. Very popular on 
medieval European astrolabes were half-quatrefoil designs at the ends of the horizontal axis 
and full quatrefoils on the upper part of the vertical axis; these provide useful means both of 
strengthening the rete and of making areas of the heavens accessible with shorter star-pointers 
than would be needed if the pointers were attached to the basic frames of the rete. This very 
Gothic quatrefoil seems to have been influenced by early Islamic astrolabes, in turn perhaps 
copied from Byzantine retes. * 11 Particularly on Italian and French retes there is usually a short 
bar inside the upper (southern) half of the ecliptic to mirror and counterbalance the more 
substantial lower equatorial frame. This again may be the result of Islamic influence. 12 

While some astrolabes are large and bear mathematically accurate markings (the largest 
known is about 2.15 m in diameter, no longer suitable for putting in one’s pocket), others may 
be quite small (the smallest known is 49 mm in diameter). 13 However, the vast majority of 
these instruments were not used for practical purposes; rather they became collectors’ items 
already in the Middle Ages. 

The uses of the astrolabe are nevertheless manifold. The astronomer c Abd al-Rahman al- 
Suft (Shiraz, ca. 965) identified over 1000 operations that one could perform with it. 14 Having 
just made a measurement of the altitude of the sun or a specific star, one places the point of 


8 On the universal horary quadrant see now Xlla, and on the approximate formula see also XI. 

9 On these bases see 1-1.1 (p. 25), II-1.3 (p. 211), and III-1.2 (p. 469) and the references there cited. 

10 On shadow-scales see now XIIa-A. 

11 See now XVII. 

12 See XIVc. 

13 On the diameters of astrolabes see Price et al.. Astrolabe Checklist (see n. 29 below), pp. 69-84. 

14 See Destombes & Kennedy, “al-Sufl on the Astrolabe”, for a list of the chapter-headings. 
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the ecliptic corresponding to the position of the sun or the appropriate star-pointer on top of 
the altitude circle corresponding to the observed altitude on the plate serving the observer’s 
latitude. Care must be taken whether one is dealing with altitudes in the eastern or western 
sky (left and right side of the meridian, respectively). Then the configuration of the rete on 
top of the plate mirrors the instantaneous configuration of the heavens with respect to the local 
horizon and meridian. Two successive configurations can be used to measure the passage of 
time. One can, for example, rotate the rete until, say, the sun is on the western horizon: the 
amount of rotation indicates the time remaining until sunset (by day) or the time elapsed since 
sunset (by night). Or one can move the sun from the horizon to the twilight curve and investigate 
the duration of twilight. Or one can tell at a glance for any celestial circumstance which point 
of the ecliptic is simultaneously rising over the horizon and inspect the configuration of the 
ecliptic with respect to the horizon and meridian. Since this configuration was thought by the 
credulous to be of significance in the affairs of men, this use of the astrolabe was of prime 
importance in astrology. The horary markings on the back enable the user to find the time of 
day approximately with facility, and the procedure works for any latitude. No solar longitude 
scale is necessary although these sometimes appeared on European astrolabes. The shadow- 
squares can be used for surveying, although here a large instrument is preferable. Only one 
astrolabe is known that has four shadow-squares on the back (namely, the Byantine astrolabe 
#2, on which see 4 below), thus corresponding to the so-called “plane table” of the surveyors, 
when the instrument is held front down parallel to the ground. 15 Sometimes we find a universal 
sundial on the alidade, a very approximate device going back to the 9 th century in the Islamic 
context, but attested also in late Antiquity. 16 


2 Historiographical remarks 

“Gunther’s monumental The Astrolabes of the World (1932) was the most ambitious published 
result of his archaeology of science, the first such study of a corpus of non-optical scientific 
instruments. Its origins lie in the comparative study of the Oxford and Evans astrolabes before 
1919, by way of volume II of Early Science in Oxford ; and he set about preparing it in the 
very month that the Museum opened. Inevitably with such a pioneering work, fifty years have 
revealed many inaccuracies, especially in its eastern volume. But those who can now improve 
upon Gunther’s achievement have developed their knowledge from the foundations which he 
built... . It should never be forgotten that Gunther’s books are footnotes to a greater work— 
the Museum of the History of Science. Writing The Astrolabes of the World was ‘an act of 
piety’ both to Lewis Evans, and ‘to the University which has enabled me to realize (in part) 
my ideal of a Restoration of Charles II’s old and neglected Ashmolean as a public Museum of 
Science’. Note the mild polemic, the joke (a capital R), and the historical conceit (Charles 
II).” Anthony V Simcock, ed., Robert T. Gunther, p. 82). 


15 Indeed, it was from the Arabic term al-Hdada (whence our “alidade”) that, by a gross distortion, the 
mysterious (and otherwise unexplained and inexplicable) word “theodolite” was coined. See the remarks in G. 
Turner, Elizabethan Instruments, p. 73, which merit pursuing, although Turner, inevitably, dismisses any 
connection with the Arabic. 

16 See now XIIa-B. 
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a) Islamic astrolabes 

The state of our knowledge of medieval Islamic astronomical instruments in general and 
astrolabes in particular was until a few years ago very much a matter of chance. 17 For example, 
two dozen Eastern astrolabes from ca. 800 to ca. 1100 are all that remain of the hundreds or 
even thousands that must have been made during the formative period of Islamic science, and 
only about one-third of these had been satisfactorily published. 18 Dozens of treatises on the 
construction and use of the astrolabe written during this period attest to the popularity of the 
instrument but only a few are available in published form; for the most important treatises 
(namely, those of al-Khwarizml, al-Farghanl, al-Sijz! and al-Blrunl) we still have to resort to 
the manuscripts. Again, only a fraction of the several hundred astrolabes surviving from the 
period 1200-1900 (which all qualify as “medieval” within the context of Islamic science) had 
been published. 

Robert T. Gunther’s descriptions of Islamic astrolabes in volume 1 of his monumental 
Astrolabes of the World, published in 1932, are marred by numerous errors and has long been 
out of date: he listed less than one-half of the earliest Islamic astrolabes and less than one- 
third of all such astrolabes now known. Leo A. Mayer’s commendable survey of Islamic 
astrolabists and their works (Geneva, 1956) introduced much new material, and the long- 
awaited Repertoire of the late Alain Brieux of Paris and Francis Maddison of Oxford promises 
to revive some interest in this field. The Repertoire is arranged alphabetically by makers’ names 
and contains only the most basic information on each signed instrument, so its appearance will 
not obviate the need for a comprehensive publication on all the available instruments. This 
should be conducted in the light of contemporary texts and, no less, in the light of the colourful 
regional developments in astronomy that occurred in the main cultural regions of the Islamic 
world roughly from the 11 th century onwards. We now have a clear picture of these regional 
developments, and can identify, for example, (Mamluk) Syrian and Egyptian, (Rasulid) 
Yemeni, Maghrib!, (Timurid and Safavid) Iranian, and (Ottoman) Turkish astronomical 
traditions, of which instrumentation constitutes a small, yet significant, part. 

b) Medieval European astrolabes 

For medieval Europe, the situation is quite different, for we have, as yet, very limited control 
over regional schools of astronomy, let alone regional schools of instrumentation. The 
documentation of medieval European astrolabes still leaves much to be desired. Some 45 
European astrolabes dating from the period 1200-1500 were discussed by Robert T. Gunther 
in volume 2 of his monumental Astrolabes of the World, and very few such instruments have 
been published since. 19 The number now known is over 150. The number actually made must 


17 The best descriptions of individual Islamic astrolabes are Morley, Astrolabe of Shah Husayn; Woepcke, 
“Arabisches Astrolabium”; Sarrus, “Astrolabe marocain”; Frank & Meyerhof, “Mogulisches Astrolab”; and 
Helmecke, “Das Berliner Astrolab des Muhammad Zaman”. 

18 See now XHIb and c. 

19 See especially Tomba, “Astrolabi”, A-D; Rockford TM Catalogue, pp. 29-57 (deficient on star-names); King 
& Turner, “Bessarion’s Astrolabe”; King & Maier, “London Catalan Astrolabe”; Glasemann, “Zwei mittel- 
alterliche franzosische Astrolabien”; King, “14th-Century Astrolabe from Christian Spain”, now in XV; and idem, 
“Urbino Astrolabe”. Various individual auction catalogue entries could also be mentioned, notably Christie’s 
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have run into the thousands—the vast majority of the surviving instruments are the sole 
productions of their makers known to us, but again most of these were clearly not individual 
one-shot productions. And there are vast gaps in our knowledge, some of which can be fdled 
by the available medieval manuscripts on the construction and use of instruments. 20 

Gunther’s pioneering work on European instruments is arranged according to geographical 
provenance, but there are numerous incorrect identifications. Thus, two of his “Italian” 
astrolabes (#168 and #173) are in fact French and German, respectively, 21 and one of his 
“Spanish” astrolabes (#164) was made in Vienna. 22 Gunther is hardly to blame for this; as the 
first to look at these instruments and without direct access to instruments in collections outside 
England he simply could not have known otherwise. His rendering of medieval European star- 
names was better than his attempts at Arabic ones, but reading mainly corruptions of Arabic 
star-names mingled with vulgarised Latin phantasy forms, all in Gothic script, is an exercise 
that would challenge any medievalist, and Gunther had nothing to build on because very little 
was known about medieval European star-names at the time. In the last few decades Paul 
Kunitzsch of Munich has documented medieval star-names as they occur in medieval 
manuscripts, 23 but he has mainly fought shy of investigating the star-names found on astrolabes, 
many of which attest to traditions unknown from the manuscript sources. 24 

Gunther’s two volumes on Islamic and European astrolabes have remained unchallenged for 
over 60 years. Nobody has published corrections of any of the mistakes in either of them. 25 
Catalogues of a few collections have appeared in the ensuing decades, a minority excellent 
with full details, some good in many respects but not complete in that star-names and other 
significant details are omitted, and some simply pathetic. The major collections in Oxford and 
Florence are still uncatalogued, and for the first of these not even a handlist is available. A 
few more competent and complete descriptions of various individual astrolabes have been 
published since the 1950s, namely, by Salvador Garcia Franco for Spanish collections, 26 by 
Tullio Tomba for astrolabes in Milan and Turin, 27 and by Burkhard Stautz for the astrolabes 
in Munich. 28 Other articles of widely varying quality are scattered through the literature, but 


London 29.9.1994 Catalogue , pp. 34-39 (lot 136) on the Italian astrolabe #4556 (see the text to n. 84 below). 

20 The earliest European astrolabe treatises are discussed in Van de Vyver, “Trades sur Tastrolabe”; 
Bergmann, Innovationen im Quadrivium ; Kunitzsch, “Glossar der Astrolabliteratur”, and numerous articles 
reprinted as idem , Studies ; also Borst, Astrolab. Various articles by Paul Kunitzsch are important, including 
“Messahalla on the Astrolabe”, “The Arabic Reception of the Astrolabe”, and “The Terminology of the 
Astrolabe”. See now Lorch, “Astrolabe Treatise of Rudolf of Bruges”, which surveys the early treatises. 

21 Oxford, Museum of the History of Science, inv. nos. IC 168 and 173, respectively: see Gunther, Astrolabes , 
II, pp. 317-319 (no. 168) and 327-328 (no. 173). 

22 Chicago, Adler Planetarium, inv. no. M-28: see Gunther, Astrolabes , II, pp. 311-312 (no. 164), and Chicago 
AP Catalogue , I, pp. 49-52 (no. 4), where this error is repeated. 

23 On the star-names in the textual sources see various studies by Paul Kunitzsch, notably those listed as 
Arabische Sternnamen in Europa and Sternverzeichnisse. See also nn. 30-31 below. 

24 See the text to n. 32 below. 

25 Some of the problems in the work are discussed in Gingerich, “Review of Gunther Reprint”. 

26 Garcia Franco, Astrolabios en Espaha. This valuable work, long out-of-print, should be reprinted with 
decent photographs. 

27 Listed as Tomba, “Astrolabi”, A-D. 

28 Stautz, Munich Astrolabe Catalogue. 
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Gunther is still “the standard work”. This, then, is—or rather, was until recently—the state 
of basic documentation in the field of medieval instruments. 

c) The Frankfurt catalogue 

For some years, I have been conducting a survey of all Islamic astronomical instruments and 
all European instruments to ca. 1550. Particular attention is being paid to the stars represented 
on the retes, the markings on the plates, the scales and grids, as well as to the inscriptions, 
and decorative features are not being overlooked. Contemporary texts on the construction and 
use of these instruments are also being investigated. The descriptive sections on early astrolabes 
(800-1100), later Iraqi and Iranian astrolabes in this early tradition (up to about 1500), Egyptian, 
Syrian and Yemeni astrolabes (1200-1800), later Andalusl and Maghribi (1200-1500) astro¬ 
labes, as well as Ottoman Turkish instruments (1500-1900) are essentially completed. The 
documentation of later Maghribi, Persian and Indian astrolabes (necessarily restricted to the 
most significant) has been considered less urgent than the documentation of early European 
instruments with Latin and Hebrew inscriptions, which is still in progress. My documentation 
of medieval European astrolabes includes descriptions of most pieces up to ca. 1500, many 
of the early descriptions already in need of revision. 

In view of the fact that the Repertoire of Brieux and Maddison, with its rich photographic 
archive, has not been published yet, I have held back on the publication of any parts of the 
Frankfurt catalogue until the present volume, in which I include the earliest Islamic astrolabes 
(XHIb-c). I resisted the temptation to include here the next batch, that is the 16 or so Andalusl 
astrolabes from the 10 th and 11 th centuries and the 40-odd Iranian astrolabes from the 12 th to 
the 16 th century. The potential of the sources from Rasulid Yemen and Mamluk Syria and Egypt 
is illustrated by the few presented in this volume (XlVa-c). In general, my photographic 
archives for later Islamic astrolabes and medieval European astrolabes are inadequate. 

Astrolabes with more than one layer of inscriptions and also instruments made up of 
components of different provenance are of particular historical interest. They then resemble 
manuscripts made up of texts by different copyists or texts with marginalia, and present an 
added challenge to the historian. In this study, I deliberately use such astrolabes as examples. 


3 On describing astrolabes 

“Lorsque je fus bien decide a etudier la composition et les tables de 1’astrolabe de notre 
observatoire, je commengai par rechercher avec un soin minutieux ... ; je me mis a compter 
les nombres de divisions ...; j’employai la loupe .... Je continuai ces observations jusqu’a ce 
que je connus parfaitement tous les traces, toutes les lignes, tous les caracteres, toutes les 
marques distinctives qui pouvaient se trouver sur les differentes parties de notre astrolabe; 
mais surtout j’evitai de faire des rapprochements trop precipites qui auraient pu me donner 
des idees fausses et m’empecher de bien observer ce qui ne l’etait pas encore.” Frederic 
Sarrus, “Astrolabe marocain” (1853), p. 28. Sarrus was too modest to mention that he had 
also taught himself Arabic in order to publish the Strasbourg astrolabe: see Francis Debeauvais 
and Paul Andre Befort in Strasbourg Astrolabe Catalogue, pp. 115-118. 
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In the 1950s Derek J. de Solla Price and his assistants at Yale University prepared a very useful 
checklist of about 1100 instruments, mainly astrolabes. 29 Each piece was assigned an 
International Instrument Checklist (IIC) number, here preceded by the symbol #. In addition, 
the location, date, maker’s name and size, were given, with the data arranged according to each 
of these criteria. Price’s numbers up to 3999 have been extended up to 9999 by the present 
author to include all Islamic instruments and all European ones up to ca. 1550. 

In any serious description of an astrolabe one should find basic information, including the 
IIC number, present location, provenance (if known), bibliography, size, followed by descrip¬ 
tions of the throne, mater, rete, plates, back and alidade. Significant artistic features on the 
throne and rete and other decoration are noted. Due attention is to be paid to numeral forms, 
star-names, inscriptions including maker’s names, dates of construction and dedications. The 
recording of star-names is of prime importance, but those colleagues who cannot read the names 
often leave them out, simply counting them. For names of astrolabe stars in Arabic we have 
an important new study by Paul Kunitzsch, 30 supplementing his earlier one on astrolabe stars 
in Latin texts. 31 The reading of corrupt Arabic star-names in Gothic script is an exercise fraught 
with difficulty; they seldom correspond directly to any of the star catalogues from textual 
sources so diligently documented by Kunitzsch. 32 Only the strong of heart will venture to 
investigate the positions of the star-pointers. Also important is the density of the mathematical 
markings, and the way the various scales are divided. I use the notation of the form 5°/l°- 
10 ° to denote that a given scale is divided for each 5°, with subdivisions for each 1°, and 
arguments are labelled for each 10°. The technological aspects of individual instruments are 
important, but are usually neglected, not least by this writer. Marks of construction and 
uncompleted instruments are particularly revealing: see Figs. 3.1a-b. The accuracy of the scales 
has rarely been investigated. 33 Likewise, study of the metallurgical content of the metal used 
for the instruments is still in its infancy. 34 In any case, all significant markings, even those 
visible only with a magnifying glass, should be recorded. Sarrus was so carried away by the 
Arabic inscriptions on the Strasbourg astrolabe that he neglected to mention the obscure Latin 
graffiti scratched on the back. 35 

Various procedures can be used to check the date of construction of an astrolabe or to date 
those on which no date occurs. Modem computer techniques facilitate the dating of astrolabe 
retes but one must be sure that the rete is not merely a copy of an earlier one. 36 Reliance on 


29 Price et al., Astrolabe Checklist. See also Price, “Astrolabe Checklist”, for the motivation. 

30 Kunitzsch, “al-Sufl and the Astrolabe Stars”. 

31 Idem, chapter “Astrolabsteme”, in Arabische Sternnamen in Europa, pp. 59-69. 

32 See King, “Star Names on Three European Astrolabes”. 

33 Studies of the accuracy of markings on (medieval and) Renaissance instruments are Chapman, “Scale 
Gradations”; and Gordon, “Metalworking Technology”. 

34 The only serious published account of a metallographic analysis of such instruments is Gordon, 
“Metallography”. Another that does not inspire as much confidence is Gratuze & Barrandon, “Nouvelles analyses 
de T astrolabe dit ‘carolingien’”, not least because of the pathetic conclusion: “l’astrolab (dit ‘carolingien’) ... 
n’est pas une contrefagon recente”. 

35 These are appropriately featured in Strasbourg Astrolabe Catalogue, pp. 68-69. 

36 New techniques and insights are provided in Stautz, Mathematisch-astronomische Darstellungen auf 
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a b 


Figs. 3.1a-b: (a) These construction marks on a plate of the astrolabe of al-Sahl al-Nlsaburl (#137—see XlVb- 
2) help to reveal the way in which the altitude circles were constructed. However, the maker mislabelled the 
circles on the upper left, so that they do not correspond to the correct labelling on the vertical axis. [Photo by 
the author, courtesy of the Germanisches Nationalmuseum. Nuremberg.] 

(b) A medieval French astrolabe with a rete on which the cutting of the star-pointers has not been completed 
(#4551). [Object preserved at the Osservatorio Astronomico di Roma; photo by Dr. Silke Ackermann, then of 
Frankfurt.] 


the calendrical scales for dating purposes is less well-advised, for here, at least in medieval 
Europe, apparently blind tradition prevailed. 37 The style of the engraving, and above all, the 
various features of each particular instrument, constitute more reliable criteria. Even the shape 
of the throne of an astrolabe or the format of the equinoctial bar on the rete can be important 
for classifying, and hence even dating, an instrument. 

Good photographic documentation is essential. It is important to display the front and the 
back without any radial rule on the front, and without the alidade on the back. It is difficult 


mittelaterlichen Instrumenten. In idem, “Astrolab aus dem Jahr 1420”, dealing with the Italian astrolabe #4523, 
Stautz shows how the maker confused ecliptic and equatorial coordinates. Other important studies are Kunitzsch 
& Dekker, “The Stars on the Carolingian Astrolabe”, and Dekker, “Astrolabe Stars”. 

37 On this subject, see Poulle, “Peut-on dater les astrolabes?”, and more recently, G. Turner, “Dating 
Astrolabes”. 
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to persuade museums and auction houses to refrain from illustrating the alidade on the front 
or obscuring inscriptions on the back— Figs. 3.2a-c —but this is an old habit that dies hard. 38 
The alidade and any radial rule can be illustrated alongside the back of or the front af an 
astrolabe, but only if it certain that they are original (and often they are not). Photos all all 
of the plates should be prepared, front and back on separate shots; this serves for basic 
documentation. However, some plates may be of particular historical interest and should be 
illustrated separately. Close-up details of this or that inscription or astronomical marking or 
technical defect can often be as important as the basic photos of the front and back of an 
astrolabe. 39 

It is important to note that it is the markings on the metal surface that are of interest, not 
the metal itself. Most of the photos in my collection show obscure markings on very grey metal 
surfaces, and those included in this volume are mainly exceptions to this general rule. Only 
a few museums can make decent photos: the Museo di Storia della Scienza in Florence, the 
Benaki Museum in Athens, the Adler Planetarium in Chicago, ... , also Christie’s of London; 
the list is short. (I identify these because they did not even charge for their excellent photos.) 
Some major museums seem incapable of making decent photos of instruments: I shall not name 
them even though I have paid them dearly for their lousy photos. The author must control the 
relative size of the illustrations; a publisher interested in art history and pretty things once 
published a photo of mine of the wedge of an astrolabe as large as the astrolabe itself, simply 
because the pin is in the shape of a very pretty horse’s head. Of course, modem technology 
has overtaken me, but it is not insignificant that some of the best of the available photos of 
astrolabes are old-style black-and-whites, and I have yet to see a usable set prepared with a 
digital camera. 

Only when an astrolabe has been described in detail together with appropriate illustrations 
can it be regarded as “published”. In some cases, it is worthwhile to compare the piece with 
other related ones. And this is the problem: some astrolabes are worth a book each, 40 for others 
a description of a few pages will suffice, and for a few, the briefest description together with 
references to other published instruments are adequate. In some rare cases, local scholars have 
published cohesive accounts of all the astrolabes, sometimes both Islamic and European, in 
one location. 41 And for many astrolabes, the available photographic documentation is inad¬ 
equate. 


38 A Sotheby’s catalogue of 2004 shows an alidade obscuring some of the star-names on the front of a 
previously-undocumented astrolabe by Mahmud, the son of Jalal (XlVd). 

39 Another of 21.09.2000 shows all details of all parts of a Safavid astrolabe (lot 27) except the back, on 
which there is an inscription of prime importance for the history of Safavid instrumentation. According to 
Sotheby’s no photo of the back was prepared, yet the maker’s name was read as Muhammad Husayn ibn 
Muhammad Baqir al-Yazdl and the date as 1058 H [= 1647/48], This inscription could have been compared 
with that of the elusive “Muhammad Husayn” who signed one of the three known Safavid Mecca-centred world- 
maps. See King, Mecca-Centred World-Maps, pp. 255-256, and now the addenda to vol. 1, section Vile, at the 
end of this volume. 

40 This is certainly the case for the universal astrolabe of Ibn al-Sarraj: see Charette & King, forthcoming. 

41 I think of van Gent, Leiden MB Astrolabes; Stautz, Munich Astrolabes; and Debeauvais & Befort, 
Strasbourg Astrolabes. 




Figs. 3.2a-c: Please don’t do this! (a): A monumental early-13 ,h -century astrolabe made for the ruler of Syria, 
rendered absurd by someone having put the rete on the back. This is particularly sad, because it is the only high- 
quality photo of the instrument that has ever been made, (b): An astrolabe made by a Yemeni sultan in the late 13 th 
century, here shown with the alidade on the front in order to obscure the rete. (c): Here, the signature of the leading 
astronomer of the 14 th century—the man who developed Copernicus’ solar, lunar and planetary models 150 years 
before Copernicus—is cunningly obscured by an alidade. [Credits withheld in deference to the responsible authorities.] 
See also Figs. XIIa-12e, XIIIc-2, XIVb-7c and 7*a, and XV-19 for outrages of the same kind committed against 
medieval European astrolabes. 


Whilst these astrolabes can reveal a host of technical and decorative details, thye are generally 
silent about what would be of greatest historical interest for us: how and where they were made; 
how and by whom and for what purpose they were used; and how they came to be in their 
former or present locations. Take the fine Kuwait astrolabe of Nastulus (XIIIc-3.1) and the 
magnificent astrolabe of al-Khujandl (XIIIc-9): how long did they remain in Baghdad and what 
happened to them thereafter? Or the astrolabes of the Yemeni sultan al-Ashraf (XlVa): how 
long, if at all, was the New York example in the possession of a succession of Yemeni sultans, 
and what happended to his other astrolabes? Or the 1062 Byzantine astrolabe now in Brescia 
(4): was it part of some Crusader’s booty after the massacre in Constantinople? Was it brought 
to Italy by Cardinal Bessarion? Or the 10 lh -century Latin astrolabe from Catalonia (9): where 
was it before it resurfaced in the 1950s? Or the 14 th -century Picard astrolabe with monastic 
ciphers (10.3): was it made in a monastery in Picardy and how did it end up in the possession 
of a monk from Liege in the early 16 th century? I have attempted some kind of reconstruction 
of the early fate of the 14 th -century Spanish astrolabe with engraving in Hebrew, Latin and 
Arabic (see XV). However, such enterprises are fraught with difficulty and very prone to 
generate misinterpretations. It is rare indeed that we have an account of a medieval astronomer 
actually using an instrument that we can (almost) identify with a surviving piece; such is the 
case with the remains of two astrolabes by Hamid ibn ‘All that were made in Baghdad, one 
of which was made for an Egyptian but ended up in Sicily, and the other of which ended up 
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in Mamluk Cairo: one such, according to his own testimonial, was used by the celebrated 
astronomer Ibn Yunus ca. 990 (see XIIIa-8). 

4 The form of Greek astrolabes and the only surviving astrolabe with inscriptions in Greek 

The early history of the astrolabe is obscure. The astrolabe as it was known in medieval times 
was probably first described by Theon of Alexandria (ca. 375 C.E.). Since no astrolabes survive 
from Antiquity, we have to rely mainly on textual sources for the early history of the 
instrument. 42 A single astrolabe with Greek inscription survives, and this together with the 
earliest surviving Islamic astrolabe from the late 8 th century, whose rete is in the same tradition, 
enables us to reconstruct the form in which the basic astrolabe was transmitted. 43 No astrolabes 
are known from before about 750, and so the form in which the instrument was transmitted 
to the Muslims in the 8 th century has to be deduced from 7 th -century treatises in Greek and 
Syriac. But clearly, already at that time, the astrolabe possessed all of the basic features that 
characterised it for the next millennium. 

Philoponus (ca. 625) mentions a rete with an ecliptic and pointers for 17 or more stars that 
could rotate over any one of a set of seven sets of latitude-dependent markings for each of 
the climates of classical geography. 44 With such a series of plates serving the entire inhabited 
world, the instrument could be considered “universal”. These plates were marked with the 
projections of the celestial equator and the solstitial circles, as well as with the curves for the 
seasonal hours. The altitude circles marked on these plates might be for each 6°, 3° or 1° of 
celestial altitude, depending usually on the size of the instrument. The back of the astrolabe 
was essentially empty but for a scale which served to measure celestial altitudes by means of 
the alidade. 

An instrument of great historical interest is the Byzantine astrolabe made by Sergios “the 
Persian” in 1062 preserved at Brescia (#2): see Figs. 4.1a-b. 45 This is more developed than 
the basic instrument described by, say, Philoponus. It is also larger than most early astrolabes, 
with a diameter of 37.5 cm. The inscriptions are in Greek and all numbers are in Greek 
alphanumerical notation. 46 The throne is ornate and in a style quite different from contempo¬ 
raneous Islamic instruments. The rete is rather simple and bears only 14 star-pointers. The 
representation of Vega (AYPA = al-nasr al-wdqi ) as a bird is also attested on the very early 
Baghdad astrolabe mentioned below (5 and XHIb). The three surfaces of the mater and single 
plate are rather sophisticated in that they have altitude circles for each 6°, but for each 3° 


42 See Neugebauer, HAMA, II, pp. 868-879, and also idem, “The Early History of the Astrolabe”. 

43 See Stautz, “Die friiheste Formgebung der Astrolabien”, for a comparison of these two pieces. 

44 There is an English translation in Gunther, Astrolabes, I, pp. 61-81. I could not find my copy of Segonds, 
Philopon sur l’astrolabe, when I needed it (Jan., 2005). See further XIIa-9. 

45 This piece was published in Dalton, “Byzantine Astrolabe” (1926), summarized in Gunther, Astrolabes, 
I, pp. 104-108 (no. 2). It was presented to the museum in Brescia by Francesco Salier in 1844. This piece was 
probably brought to Italy from Constantinople by Bessarion. It was available to Regiomontanus ca. 1460: see 
Fig. 10.6b. 

46 On this notation see, for example, Aaboe, Episodes, A, pp. 103-104, and Ifrah, Histoire universelle des 
chiffres, 2 nd edn., I, pp. 529-540, and King, The Ciphers of the Monks, pp. 290-294, and the other references 
there cited. 
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Figs. 4.1a-b: (a) The front of the sole surviving astrolabe 
with inscriptions in Greek. Note that the plate is not 
properly secured so that its meridian is not in line with 
the vertial axis of the mater. Note also that the altitude 
circles have been made denser between the solstices. For 
an illustration of one of the plates see Fig. XVI-3.1. 
[Courtesy of the Museo dell’Eta Cristiana, Brescia.] 

(b) This lithograph by O. M. Dalton (1926) gives a better 
impression of the back of the Brescia astrolabe than any 
modem photos. [From Gunther, Astrolabes , I, p. 106, 
after Dalton, “Byzantine Astrolabe”.] 
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between the solstices for improved operations with the sun. These astrolabic markings serve 
the 4 th climate (Rhodes at latitude 36°), and the 5 th (Hellespont at 40° and Byzantium at 41°): 
see Fig. XVI-3.1. On the back of the Brescia astrolabe is the quadruple shadow-square 
mentioned above, based on a gnomon length of 12 digits in the Indian/Islamic/Byzantine 
tradition (but from the Islamic, not the ancient Greek tradition!). This is a later addition, not 
least because it interferes with the inscription around the rim. Otherwise, the inscriptions and 
star-names are fully Greek with no trace of Islamic influence. 


5 The earliest Islamic astrolabes 

The oldest surviving Islamic astrolabe is preserved (appropriately) in the Archaeological 
Museum, Baghdad. It has a rete with 17 stars, plates for each of the climates, and no markings 
on the back beyond an altitude scale. 47 The star-positions are Ptolemaic, adjusted for ca. 750 
with Ptolemy’s inaccurate value of precession (so that they actually correspond to a date a 
couple of centuries earlier!). All numbers are now in the Arabic alphanumerical ( abjad ) 
notation. 48 

In addition, there are a good dozen other astrolabes extant from the period 900-1000, all of 
which happen to be of Eastern Islamic provenance, all of the earliest ones from Baghdad, 49 
then a few from Isfahan. 50 The most sophisticated of these Baghdad astrolabes, displaying 
numerous novel features, were constructed by two 10 th -century astronomers, Hamid ibn c All 
al-Wasitl and Hamid ibn Khidr al-Khujandl. Then there are another dozen astrolabes that 
survive from the following century, virtually all of which just happen to be of Western Islamic 
provenance. 51 

Of the numerous treatises on the construction and use of the astrolabe from the period 800- 
1100, the various texts by al-Khwarizm! (ca. 825), Habash and al-Farghanl (ca. 850), al-Sijzl 
(ca. 950), and al-Blrunl (ca. 1025), almost all still available only in manuscript form, are the 
most useful for our present purposes in that they document most of the innovations. 52 All of 
these new features are Eastern Islamic in origin, although some appear only on the few Western 
Islamic instruments that have been preserved for us. 

Within two centuries of the adoption of the astrolabe, Muslim astronomers had devised a 
palette of additional features, some of considerable mathematical sophistication. Some of these 
are attested only on late Indo-Persian instruments, but there are few unusual features on these 
that are not of much earlier origin. 


47 On this see now XHIb. 

48 See, in addition to the article “Abdjad” in EI y Destombes, “Chiffres coufiques”, Irani, “Arabic Numeral 
Forms”, and King, The Ciphers of the Monks, pp. 295-302. On alphanumerical numeral notation in medieval 
Europe see ibid., pp. 290-308, and also the text to n. 70 below. 

49 See now XIIIc. 

50 See now XIIIc-A and B. 

51 For three of these see Woepcke, “Arabisches Astrolabium” (1855), King, “Niirnberger Astrolabien” (1992), 
pp. 568-570 (no. 1.70); and Maier, “Astrolab aus Cordoba” (1999). 

52 Richard Lorch is preparing for publication the treatises of al-Farghanl and al-Sijzl. For the treatise of al- 
Khwarizml see Charette & Schmidl, “al-Khwarizml on the Astrolabe”. The treatise on al-Blrunl desrves similar 
treatment. 
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Fig. 5.1a-b: A pair of plates from an astrolabe (#3550) by Muhammad Zaman of Meshed, dated 1062 H [= 1651/ 
52], serving four sets of half-horizons (a) and the Arctic Circle (b). The latter is appropriately labelled saflhat 
mlzan al-'ankabut , which means “plate for checking the accuracy of the ecliptic ring on the rete”. Muslim 
astrolabists had been making plates of this kind since the 9 th century. See Fig. 10.9a for the front of this astrolabe. 
[Courtesy of The Metropolitan Museum of Art, New York.] 


Amongst the features added to the basic astrolabe before the end of the 10 th century are: 

(1) Curves for the azimuth (first mentioned by al-Khwarizml); 

(2) Curves for twilight and the daylight prayers on plates for a specific latitude (mentioned 
by al-Blrunl); 

(3) A plate displaying horizons for a series of latitudes, for all operations involving only 
horizons and meridians, and extending the use of the instrument beyond the latitudes 
served by the regular plates (introduced by Habash); 53 

(4) A plate for the latitude of the Arctic Circle, serving conversion of equatorial and ecliptic 
co-ordinates (found on the astrolabe of al-Khujandl); 

(5) Plates for latitudes 0° and 90° (found on the astrolabe of al-Khujandl), and also 72° (found 
on some ll th -century Andalusl astrolabes) and 16;30° south (found on one ll th -century 
Andalusl astrolabe), serving pedagogical purposes; 

(6) Astrolabes with an extended radius of projection, called kamil, “complete”, (attested 
already in the 10 th century); 


53 Since the horizon on an astrolabe is symmetrical with respect to the vertical meridian, half of the horizon 
will suffice for such purposes. Usually four sets of different batches of half-horizons are represented, the latitudes 
so chosen as to give maximum coverage for all latitudes from a few degrees to the Arctic Circle and sometimes 
even beyond. See, for example, Fig. XIVd-1.5. 
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(7) Elaborate combinations of the astrolabic markings on plates to produce, for example, 
designs called ogival, “like a Gothic arch”, essentially to challenge the wits of the user, 
but also sometimes to represent two sets of markings for different latitudes on the same 
plate (attested already in the 10 th century); 

(8) Plates for the astrological operation known as “casting the rays”, for a specific latitude 
(again mentioned by al-Birunl); 

(9) The scales for the shadows (first mentioned by al-Khwarizml), be they circular (on the 
rim), linear (within one of the lower quarters of the back), or in the form of the shadow- 
square that later became standard; 

(10) Horary quadrants for finding the hour of day are now known to date from the 9 th century 
(anonymous Baghdad astronomers). They were of two kinds: universal, yielding the time 
approximately for any latitude and based on a simple approximate formula, and specific, 
serving a single latitude. 

(11) The sine quadrant (probably due to al-Khwarizm!) was originally devised for time¬ 
reckoning using the same simple approximate formula that works for all latitudes, but 
the derivatives so popular in later centuries could be used for finding numerical solutions 
to any of the standard problems of spherical astronomy. (See below for more on 
quadrants.) 

(12) Special graphs were introduced to display the duration of twilight or the astronomically- 
defined altitude of the sun at the afternoon prayer, both as a function of solar longitude 
for a specific latitude. 

(13) Non-uniform graduated scales were conceived to display certain astronomical functions 
such as the solar declination as a function of solar longitude or the altitude of the sun 
at the afternoon prayer as a function of the solar meridian altitude. 

Attested in the first centuries of Muslim involvement with the astrolabe (al-Birunl describes 

both) are: 

(14) The markings for the seasonal hours on the alidade (based on a very crude approximate 
formula for time as a function of solar altitude, and attributed to Nastulus); and 

(15) The viewing tube on the alidade. 

Appearing for the first time on these early instruments we find: 

(16) Geographical gazetteers (such as that on the Cairo astrolabe of Nastulus); and 

(17) Lists of astrological data (such as on the astrolabes of al-Wasit! and al-Khujandi, planetary 
symbols are used to render the data more compact); 

(18) The qiblas of various cities might also be displayed graphically (the earliest are on an 
1 l th -century astrolabe from Isfahan). Graphical representations of the solar altitude in the 
azimuth of the qibla appear to be a later addition (common in Iran from the 17 th century 
onwards). 

(19) The calendrical and solar scales for finding the longitude of the sun at any time of the 
year, which became standard on Western Islamic astrolabes, are—unlike all of the 
above —Western Islamic innovations. 54 


54 The historical development of such scales merits a detailed investigation; scholars are usually too concerned 
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It is not at all clear how early instruments were made bearing world-maps, standard or Mecca- 
centred. We only have two examples of such maps on late astrolabes, and it would not surprise 
me if it could be shown that earlier astrolabes were made with such maps: 

(20) On a 17 lh -century astrolabe from Lahore (#4143) we find a schematic world-map with 
correctly executed longitude and latitude scales, and on an early-19 th -century Iranian 
astrolabe (#58) we find a plate with a grid for a world-map centred on Mecca, on which 
no localities have been inserted. 55 

Then there are features mentioned in texts that are, alas, not attested on any surviving 
instruments. Of these we mention only: 

(21) The transversal scale (described by al-Sijzl, and later by Levi ben Gerson), and 

(22) Solar-lunar scales for calculating moonrise and moonset (described in treatise associated 
with al-Khwarizml). 

Finally, we should mention: 

(23) monumental astrolabic clocks of which several are known to have been made in the 
Islamic Middle Ages and one survives in Fez (see X-5.4). 

What else can one possibly add to a standard astrolabe to make it more useful? The list continues 
below with innovations of a different kind. As we shall see, medieval European astrolabes 
tended to be restricted to the standard variety. 

Early Muslim astrolabists had differing opinions regarding which sets of stars should be 
represented on the rete. In his book on the constellations, c Abd al-Rahman al-Sufi mentions 
44 astrolabe stars, 56 but he is silent on the different traditions. These should be investigated 
in the light of contemporaneous star catalogues, found in the astronomical handbooks known 
as zijes 57 as well as in astrolabe treatises. Hoever, the stars found on the retes of surviving 
astrolabes present a quite different picture. 

The choice of the latitudes underlying the plates was generally influenced by the preoccu¬ 
pation with the geographical climates of Antiquity; the standard practice of recording the 
maximum length of daylight along with the latitude served by the plate is to be regarded as 
a survival of this association. Underlying these lengths on virtually all of the earliest astrolabes, 
and indeed on most later ones too, is the Ptolemaic value of the obliquity of the ecliptic (in 
spite of the fact that much better values had been determined by Muslim astronomers in the 
9 th century). The function of the gazetteer was originally to enable the user to determine which 
plate would best serve a particular locality (the earliest example lists only latitudes). When 
place-names were introduced on plates it was understood that these localities were best served 
by that particular plate, not that the localities all had the latitude indicated on the plate. 
Muslim astronomers made substantial contributions to the construction of the astrolabe. In 


to show that some scales on medieval European astrolabes are unreliable. See the references in n. 37 above. 

55 Both are illustrated in King, Mecca-Centred World-Maps, pp. 95-97. 

56 See n. 30 above. 

57 On star-catalogues in the Islamic sources see Kunitzsch, “Medieval Star Catalogues”, and King & Samso, 
“Islamic Astronomical Handbooks and Tables”, pp. 27-28. 
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the early 9 th century al-Khwarizml introduced a handy trigonometric function with which the 
calculation of the radii and centre-positions of the various circles on a typical astrolabe is greatly 
facilitated. 58 His late contemporary, al-Farghanl, used this auxiliary function to generate tables 
displaying the size and positions of the circles of altitude and azimuth for each degree of 
argument, for each degree of terrestrial latitude from 15° to 50°. These tables, containing about 
14,000 entries, and their derivatives were widely used in astrolabe construction in the Islamic 
world for centuries, but they were unknown in Europe until the 1970s. 59 (The underlying theory 
is, of course, precisely that proposed by Henri Michel in his Traite de Tastrolabe in 1947. 60 ) 


6 Some Islamic astrolabes 

As an example of a typical Islamic astrolabe let us consider the undated piece by Muhammad 
ibn Hamid (ibn Mahmud) al-Isfahanl (#3532) now in a private collection in London, having 
been purchased from Alain Brieux in Paris. It has not been published, although illustrations 
of the front and back appeared in a 1989 catalogue. 61 The maker is known from three other 
pieces dated between 556 and 571 H [= 1161-76] (the first of these is illustrated in Fig. X- 
4.1.1, and the last is described in XIIIc-Bl), and it is clear that he was operating in Isfahan. 
See Figs. 6.1a-b. 

The original inscriptions are in a legible kufi script. The throne is more developed than those 
on the earliest Baghdad astrolabes, and has pronounced lobes and three holes. The rete is also 
slightly more developed than the earliest known ones, but in the same basic style. There are 
a few more stars (actually 32, including the very unusual "atiq al-thurayya, which is not even 
in al-Sufi’s list of astrolabe-stars), 62 so that, for example, both hands and both legs of Orion 
are indicated. Two stars on the lower left and right have pointers stretching across the lower 
equinoctial bar, and another pointer on the lower right starts on that bar and stretches across 
to the outer circumferential frame. It was to avoid such rather awkward situations that later 
astrolabists introduced more complicated rete frames. 

There is a problem with the plates: when I inspected the piece in London in 1990 there were 
none, but a 1990 photo shows a plate for 30°. The mater bears astrolabic markings for latitude 
36°, including altitude circles for each 6° and no azimuth circles. The plates would have fitted 
onto a peg protruding from near the bottom of the mater that is visible beneath the rete. 

The back bears a double shadow-square for 6;30 feet on the left and 12 digits on the right, 
as well as scales to the same bases on the outer rim. In the upper left quadrant there are graphical 
representations of the altitude of the sun at the beginnings of the zuhr and the c a.sr, both for 
latitude 32°, which serves Isfahan. The longitude of the sun is represented both on the vertical 
and horizontal radii, the appropriate zodiacal signs being represented by numbers. The curves 


58 VIa-9. 

59 VIb-7 and 16, and also King, “Yemeni Astrolabe”, pp. 107-111, now in XIVa-3. 

60 Michel, Traite de Tastrolabe, pp. 62-63. 

61 Riyadh/Washington 1989 Catalogue, p. 5. 

62 On this star see Kunitzsch, Arabische Sternnamen in Europa, p. 144 (no. 63). 
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Figs. 6.1a-d: (a-b) The front and the back of the 
undated astrolabe of Muhammad ibn Hamid al-Isfa- 
hanl (#3532), made in Isfahan ca. 1165, showing a few 
modifications to the basic astrolabe inherited by the 
Muslims from the Greeks, (c) The mater showing 
astrolabic markings for latitude 36°. (d) The maker’s 
signature. [Photos courtesy of the late Alain Brieux, 
Paris.] 
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C 


Figs. 6.2a-g: An astrolabe from the late 12 th century 
reworked in the 17 th (#3922). [Photos for a-g by the 
author, courtesy of the Institut fur Geschichte der 
Naturwissenschaften, Frankfurt.] 

(a) The front. 

(b) The back. 

(c) The original signature on the back of the throne. 

(d) The later signature of Muhammad Khalil. 

(e) A detail of one of the original plates, serving 
latitude 66°. 

(f) A detail of the later plate for Shiraz. 

(g) The most interesting technical feature on the 
back: a scale for determining the lunar latitude. 

(h) A similar feature on an undated astrolabe by c Abd 
al-ATmma (#38), already noted in Gunther, Astrolabes , 
I, p. 153. See also Oxford Billmeir Supplement Cata¬ 
logue, p. 27 (no. 169) and pi. XXIIc for a third example. 
[Courtesy of the Museum of the History of Science, 
Oxford.] 
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have been drawn so as to connect a series of points corresponding to the altitudes for the signs, 
the values probably having been taken from a table in a manual for astrolabe construction (no 
such tables are known, but many manuals survive and remain to be studied). In the upper right 
quadrant there are indicators of the qiblas in seven cities from Baghdad (at 13° E. of S.) to 
Kirman (at 58° E. of S.). 63 There is a later inscription in naskhl script beginning (I think) on 
the back of the throne and ending on the front. It may be that the owner was Sultan Iskandar 
(starting the inscription on the back), who had trust in ( al-wathiq bi-) the greatest king (ai¬ 
med ik al-akbar ), namely, God. 64 There was a potential Sultan Iskandar, usually called Iskandar 
Sultan (ibn c Umar Shaykh), who sponsored the preparation of a scientific encyclopaedia in 
Isfahan ca. 1415. 65 Otherwise there was a ( malik , “king”, rather than sultan ) Iskandar ibn 
Kayumarth who ruled the Caspian regions of Northern Iran in the mid 15 th century. 66 In other 
words, the mystery of this apparently simple inscription has not been fully solved. 

For other examples of Islamic astrolabes, given the fact that many are featured elsewhere 
in this volume, I shall restrict attention here to two pieces each with two layers of inscriptions. 
They both belong to the Institute of the History of Science at Frankfurt University, having been 
acquired from an Iranian vendor in 1960, the first for a pittance, the second for a substantial 
sum. 

The first piece (#3922), with a modest diameter of 12.6 cm, is signed by the well-known 
Isfahan astrolabist Muhammad Khalil in 1110 H [= 1698/99], but various features (particularly 
the throne and the kufl inscriptions all over) reveal that it was reworked from an earlier piece: 
see Figs. 6.2a-g. An original inscription by the original maker is still visible and partly legible 
on the throne. It reads: “ ... Muhammad ibn Ahmad ibn c All ibn Muhammad in the year 588 
H [= 1182/83]”, so that we are dealing with a reworking of one of the oldest surviving 
astrolabes. 61 Five of the plates are original, and serve latitudes 30°, 32°, 33°, 34°, 35°, 36°, 
37° and 38°, as well as 66°, the Arctic Circle, and a set of horizons. The rete and part of the 
back, as well as one plate, with one side inevitably serving latitudes 29;30° and 32° for Shiraz 
and Isfahan, which no longer fits properly when the other five are installed, are by Muhammad 
Khalil. 

The second Frankfurt astrolabe (#3923) is a more imposing piece with a diameter of 30.6 
cm, and it bears the name of the celebrated 13 th -century Iranian polymath Naslr al-Dln al-Tusl: 
see Figs. 6.3a-d. It is signed by c Abd al-Qadir Muhibb, known by two other pieces in private 
collections in London and Paris, and is datable ca. 1620. 68 It is a typical Indo-Persian 
production, competently made with an elegant rete and also displaying some originality. The 
inscriptions mentioning al-Tusl were added by a modem faker, probably to increase the price 
that could be sought from an unsuspecting buyer. On fakes see further X-ll and XIVf-7. 


63 Compare King, Mecca-Centred World-Maps, pp. 104-105. 

64 Compare the inscription discussed in King, “Medieval Spanish Astrolabe with Inscriptions in Latin, Hebrew 
and Arabic”, pp. 33-34 and 104-106, now in XV-2.4 and 4.4. 

65 See, for example, ibid., pp. 143-145. 

66 Bosworth, Islamic Dynasties, p. 201. He was already proposed in Riyadh/Washington 1989 Catalogue, p. 
5. 

67 This instrument is described in detail in Ackermann, “Umarbeitung eines Astrolabs”. 

68 See the detailed description in Schmidl, “Ein Astrolab aus dem 17. Jahrhundert”. 
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Figs. 6.3a-d: An Indo-Persian astrolabe from the early 
17 th century with 20 th -century additions (#3923). [Pho¬ 
tos by the author, courtesy of the Institut fur Ge- 
schichte der Naturwissenschaften, Frankfurt.] 

(a) The front showing the elegant rete. 

(b) The signature of the maker. 

(c) The faked reference to Naslr al-Dln. 

(d) The original inscription for the geographical 
data on the mater, showing the later faked reference 
to the Ilkhanl Zlj of al-TusI. 


d 
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Interesting Islamic astrolabes keep showing up. In 2003, I saw for the first time an early- 
13 th -century astrolabe from al-Andalus, signed by a relative of the celebrated al-Khama’in, that 
in the same century had come into the hands of an Egyptian court astronomer (#4299). In early 
2004,1 noticed the curious numerical notation on a 15 th -century Iranian astrolabe that had ended 
up in Fez (#2710), which I first thought were the enigmatic “chiffres de Fes”, but which turned 
out to be Armenian alphanumerical notation, and I saw for the first time an early-18 th -century 
Maghribi astrolabe marked with latitudes and longitudes of several localities between Fez and 
Mecca (#4300). Each of these presents a challenge: the name of the Egyptian court astronomer 
indicates that he worked for three successive Bahri Mamluk sultans but who is otherwise 
unknown to us; the milieu of the Armenian who made some additions to an Iranian astrolabe 
that eventually landed in Fez is quite unclear; and the geographical data for the pilgrim route 
is different from those in the known Maghribi sources. 

7 Non-standard astrolabes 

Of greater scientific interest than the basic astrolabe, even when embellished with some of the 
novel features mentioned above, are the non-standard astrolabes mentioned in early Arabic 
texts. Some of these are known only by examples post-dating the end of the 11 th century; for 
others, there are no known examples. For references the reader is referred to X-5.2. In this 
category belong: 

(1) Astrolabes based on mixed north-south stereographic projections with correspondingly 
complex plates (still not yet properly documented in the modem literature), and known 
to have reached Europe from the Islamic world (see below). 

(2) Astrolabes with special retes and plates on which the ecliptic and stars are superposed on 
the altitude circles for a specific latitude (al-Birun! describes these, and some later 
examples survive). Another early variety that has been subject to much misinterpretation 
in the modem literature is a plate with celestial markings and a horizon, called zawraql, 
that can rotate over it. 

(3) Universal instruments such as the saflha shakkaziyya and saflha zarqalliyya, based on the 
universal projection (was this tradition really initiated in al-Andalus in the 11 th century?), 
often accompanied by a trigonometric grid bearing a highly-ingenious “circle of the moon” 
for determining the lunar distance and thence the lunar parallax. 

(4) The astrolabe with a melon-shaped ecliptic on the rete ( al-asturlab al-mubattakh ), based 
on a non-stereographic projection (the relevant text, analysed by E. S. Kennedy, R. Lorch 
and P. Kunitzsch, has recently been published). 

(5) “Calculating devices” for facilitating operations with the stars (devised by Habash, text 
now published by F. Charette and P. Schmidl). 

(6) Geared mechanisms for displaying the lunar phases (one example from 13 th -century 
Isfahan but belonging to a tradition which (in Islam) goes back to at least the 10 th century— 
al-Blrunl’s description has been published by D. Hill). 

(7) Eclipse computers (first described by Nastulus—perhaps the grids for determining lunar 
latitude are the sole surviving parts of these?). 
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Fig. 7.1: The constellations of the nothern hemisphere illustrated on a plate of an astrolabe made in Isfahan 
ca. 1650 by Muhammad Mahdl (al-Khadim) al-Yazdl (#4183). The Persian inscription translates (following 
Savage-Smith, “Celestial Mapping”, p. 66): “Since there are discrepancies in the locations of the fixed stars 
amongst earlier scholars, and because the most accurate (data) are from the observations of the Franks, the 
locations of the fixed stars are shown here according to the authoritative observations made (by the Franks) 
within the past ten years.” See further King, Mecca-Centred World-Maps , pp. 317-318 and 320. [Private 
collection; photo courtesy of the owner.] 
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(8) Astrolabes engraved with tables of the form usually found in the astronomical handbooks 
known as zijes (devised by Abu Ja'far al-Khazin in the 10 th century). 

(9) The universal plate devised by the late-13 th -century astronomer Ibn Baso, which became 
a popular feature in Western Islamic astrolabes. 

(10) Retes bearing representations of the constellations (after ca. 1200) and plates bearing the 
same (Iran, 17 th century, now after European models: see Fig. 7.1). 

Finally, we mention: 

(11) The highly ingenious linear astrolabe (no surviving examples; the available texts merit 
a new investigation); and 

(12) the spherical astrolabe (only one complete example survives). 

Recent investigations of some early European astrolabes and texts reveal that more of these 

types of instrument were transmitted to the West than was previously thought. 


8 The quadrant in the Islamic world 

Immediately related to the development of the astrolabe is the development of different kinds 
of quadrants, some of which were used on the backs of astrolabes. For references see X-6. 

The universal horary quadrant, first mentioned in an anonymous 9 th -century text from 
Baghdad and attested on various early astrolabes (often combined with a shadow-square), has 
already been mentioned. The fixed and movable cursors on such an instrument are described 
in the same text. This combination is, of course, the quadrans vetus of the later European 
sources. 

The horary quadrant for a specific latitude also dates from the 9 th century and soon thereafter 
was added to more sophisticated astrolabes in spite of the risk of compromising the “universal” 
qualities of the instrument. 

The sine quadrant of al-Khwarizml was invented specifically to find the time of day from 
the solar altitude using the same simple approximate formula which underlies the markings 
of the universal horary quadrant. Different varieties of sine quadrant were developed by the 
10 th century for the numerical solution of all the standard problems of spherical astronomy using 
the appropriate trigonometric formulae. 

Such horary quadrants and trigonometric grids, usually incorporated on the backs of 
astrolabes, were popular in both East and West for many centuries. Since later astrolabes 
generally served a restricted range of latitudes, the inclusion of a universal horary quadrant 
on the back served to preserve the universal character of the original astrolabe. The quadrant 
functions rather well in the latitudes of the Mediterranean world, but, alas, not so well in 
northern European climes. Both medieval and Renaissance texts describe its modus operandi : 
it does not need a solar scale to function properly (<contra the assertions in the modem 
literature). 

At some time before the 12 th century, apparently in Egypt, a Muslim astronomer noted that 
all of the operations which can be performed with an astrolabe and a single plate can also be 
achieved with a single half-plate, whose principal markings can conveniently be fitted on a 
quadrant fitted with a thread and movable bead. Thus was invented the astrolabic quadrant, 
different varieties of which were used in the Islamic world until the 19 th century. 


THE NEGLECTED ASTROLABE 


379 


9 The earliest known European astrolabe 

The form in which the astrolabe was transmitted to the Christian West is of considerable 
historical interest. Since the earliest dated European astrolabes post-date the introduction of 
the instrument to the West by several centuries, the textual tradition is of prime importance 
and has attracted the attention of a series of scholars. But also of particular interest in this regard 
is the so-called “astrolabe carolingien” (#3042) of the Institut du Monde Arabe in Paris: see 
Figs. 9.1a-e. This was dated to the 10 th century by Marcel Destombes and is generally 
considered to be the earliest European astrolabe. 69 The rete is so carelessly fashioned that it 
must have been copied from another astrolabe or from an illustration in a manuscript. But the 
rete bears no resemblance to any Islamic rete. The inscriptions were added by (two different) 
Europeans, and the latinized Arabic alphanumerical ( abjad) notation used to denote the 
latitudes is a clear indication of at least some Western Islamic influence; the notation was 
devised as an alternative to the Roman numerals at a time when the Hindu-Arabic numerals 
were not yet available. 70 The plates serve latitudes corresponding reasonably well to the 4 th , 
5 th (corresponding to Barcelona, etc), 6 th and 7 th climates, as well as the end of the 4 th / beginning 
of the 5 th (corresponding to Cordova, etc), and there are more astronomical markings on the 
plates for [Cordova] and [Barcelona] than on the others. The inscription “Roma et Francia” 
was added on the plate for the 5 th climate, but the other four plates were of less interest to 
the maker because he marked only their latitudes. 71 

Of course, any discussion of this instrument is hampered by the fact that, with very few 
exceptions, the earliest European astrolabes are not yet published. Not only the earliest 
astrolabes themselves, but also the Latin inscriptions on many of them (and also on numerous 
Islamic instruments which fell into the hands of Europeans who thought fit to modify them), 74 
offer clues which must be taken into consideration in the evaluation of the Destombes astrolabe. 
The scholarly community remains divided between those who realize that this is a 10 th -century 
astrolabe and those who think it must be a few centuries later. My attempts to propagate the 
former thesis, supported by the fact that the distinctive engraving corresponds to 10 th -century 
Catalan inscriptions, and relying on comparison with several dozen other early Islamic and 
European instruments, have met with some success. 75 I have the feeling that the Destombes 


69 Paris, Institut du Monde Arabe, inv. no. AI. 86-31: see Destombes, “Astrolabe carolingien”; and Stevens 
et. at., eds., The Oldest Latin Astrolabe, not least my contribution, listed as King, “The Oldest European 
Astrolabe”, in which the instrument is viewed in the light of dozens of early Islamic and European instruments. 

70 On this notation see King, The Ciphers of the Monks, pp. 302-304. 

71 On these latitudes see also XVI-5, and on the problematic 47;30° see especially n. 37 to that discussion. 

72 See Mundo, “Analyse paleographique de Fastrolabe ‘carolingien’”. 

73 See Samso, “ Roma et Francia (= Ifranja )”. 

74 See n. 83 below. 

75 On the other hand, the accumulated damage done to this piece by scholars who have no experience 
whatsoever of working with instruments and yet are happy to pronounce on a single piece of extraordinary 
complexity is well illustrated in the description in Paris IMA 2000-01 Exhibition Catalogue, p. 242 ad no. 245: 
here the provenance is given as “Catalogne, Italie, Sicile ou France (du Nord [!]) (?)”, but at least it is 
acknowledged that “parfois envisagee, l’hypothese d’un faux moderne est de moins en moins retenue”. More 
sensible recent publications on the Destombes astrolabe, featuring it in the light of contemporaneous astrolabe 
texts, are Samso, “Astrolabio Carolingio”, and idem, “Introduction de la astronomia arabe en Cataluna”, pp. 
301-305. 
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instrumentation (such as azimuth curves on some of the plates, first found in 9 th -century Eastern Arabic texts). The scales on the front and most 
of the back have been left without numbers: the Roman numerals simply would not fit. The star-names have been omitted: the maker did not 
trust himself to engrave the equivalents of the Arabic names. The names of the zodiacal signs were added later, perhaps as late as the 14 th century, 
but certainly still in Catalonia (see Fig. 9.1e). The distinctive forms of the engraved letters on the back are attested in other inscriptions from 
10 th -century Catalonia. 72 [Courtesy of the Institut du Monde Arabe, Paris.] 
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Figs. 9.1c-e: Details of the earliest European astrolabe. [Photos by the author, courtesy of the Institut du Monde 
Arabe, Paris.] 

(c) Note the distinctive alphanumeric notation on the altitude scale in the upper left. The Latin forms MAI AS, 
IVNIAS and IVLIAS are of particular interest. 

(d) The inscription “ROMA ET FRANCIA” on the plate for latitude 41;30°, written “MA L”, is intended 
for Rome and the region of Catalunya, Francia here being derived from the Arabic Ifranja or bilad al-Ifranj , 
which means the lands of the “Franks”, that is, the Christians bordering the Islamic part of Spain. 73 

(e) The distinctive orthography VIRGVO amongst the later engraving on the ecliptic scale of the originally 
unmarked rete. Needless to say, the orthography tells us something, namely, that these inscriptions were probably 
added in Catalonia. In the 13 th century, Ramon Llull in his Tractat d’astronomia used the same form. See further 
King, “The Oldest European Astrolabe”, p. 379. 


astrolabe is with the sole surviving evidence of a Roman —I use the term loosely to denote 
somewhere in the Graeco-Roman world or Roman Empire—tradition of astrolabe-making, 
which would certainly explain why it just does not fit within the framework of what we know 
about Islamic and medieval European astrolabe-making. 76 


76 This thesis is proposed in King, “The Oldest European Astrolabe”, pp. 384-385, where the paragraph 

beginning “An astrolabe from ca. 1300 .“ should be preceded by the words: “Added in proof:”. A Roman 

connection would at least explain the presence of Roma on the plate for 41;30° and the curious 47;30° (see 
n. 71 above). A recent publication of interest is Monaco, L’astronomia a Roma , with a few pages devoted to 
Antiquity and the Middle Ages. The question whether the Romans could make scientific instruments is answered 
by Schaldach, Romische Sonnenuhren. 
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Finally, we mention a set of illustrations of an astrolabe with Arabic inscriptions in a 10 th 
or ll th -century Latin manuscript (#4042, in Paris B.N.F. lat. 7412): see Figs. 9.2a-b and XVI- 
2.2. 77 It is an astrolabe in the tradition of 9 th - and 10 th -century 'Iraqi astrolabes (see XHIb- 
c), but clearly made in al-Andalus, probably in the 10 th century. The original Arabic inscriptions 
are faithfully reproduced, and Latin equivalents (Latinized in the case of the star-names) are 
given. The rete is in the 'Iraqi tradition, but two stars have their preferred Western Arabic names 
(al- c abur and al-ghumaysa ). The mater and three plates serve the seven climates, attested only 
on the very earliest surviving Eastern Islamic astrolabes (XHIb). On the back there is 
calendrical scale, not known on any surviving Eastern Islamic instrument from before ca. 
1100. 78 Otherwise, there is only a single shadow-square on the back. Even the name of the 
maker has been copied: Khalaf ibn Mu'adh, otherwise unknown to us. The illustrations reveal 
that such astrolabes were known this early in the Islamic West, and thence became available 
to at least one very gifted European, who could both copy the Arabic and also interpret it 
correctly in Latin. The Destombes astrolabe, possibly contemporaneous with this piece, is, as 
we have seen, in a different tradition. 


10 Some other early European astrolabes 

There exist close to 150 European astrolabes with inscriptions in Latin and various vernaculars 
(the majority) or in Hebrew (the minority), mostly unsigned and undated, which can be 
associated with the period between 1200 and 1500. Most of these have now been catalogued, 
many for the first time. 

Such astrolabes generally have the Gothic forms of the Hindu-Arabic numerals. 79 However, 
a few early examples have no numbers at all on the scales, presumably because there was 
insufficient space for the Roman numerals or even the Gothic numerals, or they use Roman 
numerals where there is plenty of space, as for the latitudes on the plates. 80 Most medieval 
European astrolabes have star-names transliterated from the Arabic and bear other features 
indicating Islamic influence, although this may only be apparent if one is familiar with Islamic 
instrumentation. For example, the inspiration behind two of the most remarkable medieval 
European instruments, a French geared astrolabe from ca. 1300 (now in the Science Museum, 
London) (#198) 81 and an Italian astrolabe bearing a rete with a mixed north-south projection 


77 On these illustrations see, most recently, Kunitzsch, “10 ,h -Century Andalusi Astrolabe”, and “Table des 
climats”. 

78 There is a need for an investigation of the available early Arabic and Latin sources on these scales. One 
should perhaps start with the astrolabe treatise of Abu T-Salt {ca. 1000), which is particularly informative on 
the subject. This Andalusi astronomer wrote his treatise in Egypt , and he includes a table of solar longitude 
throughout the year for the Syrian calendar, and then describes the construction of scales for the Syrian and 
Coptic calendars on the back of an astrolabe (see X-4.9 and the addendum to XHIe, for mention of the London 
manuscript, which should be compared with other copies). 

79 On these see G. F. Hill, Arabic Numerals in Europe (1915), and King, The Ciphers of the Monks , pp. 309- 
317. 

80 Gunther, Astrolabes , II, pi. CXXXII opp. p. 477, for two medieval English examples (#300 and #301). 

81 See ibid., II, p. 347 (no. 198); North, “Opus quarundam rotarum mirabilium”, pp. 370-372 (pp. 167-169 
of the reprint); and King, The Ciphers of the Monks , pp. 398-399, 402-403, and 416-417. 
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Figs. 9.2a-b: The astrolabe came to al-Andalus in the form of the Abbasid astrolabes of 8 th -, 9 th - and 1 O th -century 
Baghdad, although there seems also to have been another tradition, perhaps with Roman connections (see Figs. 
XIIIa-9.1a-e). In any case, this illustration of an Andalusi astrolabe, penned by a European in the 11 th century, 
marks an intermediate stage between the Abbasid astrolabes (see Xlllb-c) and the typical Andalusi astrolabes 
of the same century (see Fig. X-4.1.3). On this and the accompanying illustrations of the back and plates for 
the climates, see further Kunitzsch, “10 th -Century Astrolabe”, also Fig. XVI-2.2 for one of the plates. [From 
MS Paris B.N.F. lat. 7412, fols. 19v and 23v, courtesy of the Bibliotheque Nationale de France.] 


(now in the Museum of the History of Science, Oxford) (#169), is to be sought in Islamic 
instrumentation. 82 

In general, medieval European astrolabes display little innovation beyond the new designs 
of the retes and the occasional inclusion (first on English astrolabes) of calendrical scales 
featuring saints’ days. This, of course, by no means lessens their interest as historical sources. 
In particular, Islamic instruments with later inscriptions in Latin, often with regional influence, 
or in European vernaculars, or even traces of the latter on European instruments can yield useful 
information on their provenance and later fate. 83 A few examples of medieval European 


82 See Gunther, Astrolabes , II, pp. 319-320 (no. 169), and King, “Italian Astrolabe”, now in XHId. 

83 Kurt Maier has made numerous contributions in this area, and it is a pleasure to acknowledge his assistance 
on matters philological over many years. Maier, “Monatsnamen”, A, deals with European month-names in 
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instruments with two or more layers of inscriptions must suffice here. 

Figs. lO.la-b show a medieval astrolabe of uncertain provenance (#4556) that appeared at 
auction in London in 1994, catalogued in great detail by Gerard L’E. Turner. 84 The diameter 
is 25.8 cm. There are no original inscriptions that provide a clue to the provenance. However, 
it is clearly not part of the Iberian / French / English tradition. Now some of the star-pointers 
resemble those distinctive pointers on the earliest European astrolabe (9), which I suspect is 
partly influenced by a Roman tradition of astrolabe-making. Further, the plates serve the seven 
climates, yet another indication of early influences, 85 although the plate for the 1 st climate has 
been reworked for latitude 43;45°, suggesting a secondary location in Northern Italy, most 
probably Pisa. 86 1 have no reservations in supposing that it is Italian. However, there are severe 
problems with our understanding of the history of the astrolabe in medieval Italy, 87 and this 
piece certainly does not resemble any known medieval Italian astrolabes. The back bears rings 
for unfinished calendrical scales, which, as noted by Turner, are of a kind (also unfinished) 
found on some medieval English astrolabes: see Fig. 10.2a. 88 However, these are also found 
(complete) on some ll th -century Andalusl astrolabes: see Fig. 10.2b. 89 The star-names are in 
the tradition of John of London (Paris, 1246) 90 with some corrupt forms strongly influenced 


vernacular on various astrolabes, including the Picard piece. Idem , “Monatsnamen”, B, deals with European 
additions to various Islamic astrolabes, using unusual forms to localise the milieus of the mutations. In King 
& Maier, “London Catalan Astrolabe”, dealing with #162 (London, Society of Antiquaries), Maier identified 
Catalan forms of star-names to establish the provence of the piece. His most recent study is his “Astrolab aus 
Cordoba”, dealing with #3622 (Cracow, Jagellonian University Museum, inv. no. 4037-35/V), an unsigned 
astrolabe with Arabic inscriptions made in Cordova in 1054 and bearing later Catalan inscriptions. 

84 See Christie’s London 29.09.1994 Catalogue , pp. 34-39 (lot 136), with several photos of details. 

85 See King, “Geography of Astrolabes”, pp. 7-8, now in XVI-2. 

86 1 am grateful to Siegfried Muller (Ashaffenburg) for drawing my attention to the fact that 43;45° is given 
as the latitude of Lano and Pisa by Ptolemy. To assume that, say, Pisa was intended, it would be necessary and 
is reasonable to assume that this item of information from Ptolemy’s Geography was available to whoever 
modified the plate. The Renaissance Latin versions of the Geography depend entirely on the Byzantine Greek 
tradition, and there are more than 40 surviving Latin manuscripts from the 15 th century (Berggren & Jones, 
Ptolemy’s Geography, p. 52, and Swerdlow, “The Recovery of the Exact Sciences of Antiquity in the 
Renaissance”, pp. 160, 164). 

Medieval tables offer no alternatives. A medieval Italian geographical table copied around 1475 and published 
by John North has no localities in Italy with latitudes between 43;30° and close to 44;30°. It gives 43; 10° for 
Llorence and Permo, 43;30° for Pisa and Pistoia, then 44;24° for Lorli and 44;30° for Verona. See North, 
Horoscopes and History , p. 193. 

87 See King, “Italian Astrolabe, pp. 29-32, now in XIIId-1.1. 

88 Examples cited by Turner are #300 (Gunther, Astrolabes , II, pp. 477-478) and #301 (ibid., pp. 478-479). 

89 See, for two examples, #116, described in Woepcke, “Arabisches Astrolabium”, pp. 5-6, and beautifully 
illustrated in Paris IMA 2000-01 Exhibition Catalogue , pp. 196-197; and #118, discussed in Gunther, Astrolabes 
of the World , pp, 253-256 (no. 118) and PI. LX; and for an explanation in English, ibid., pp. 266-267 (ad #124), 
after Sarrus. 

90 Kunitzsch, Sternverzichnisse, pp. 39-46 (Typ 6); also idem , “John of London and his Unknown Arabic 
Source”. On the identity of the author see Knorr, “John of London”. 

Knorr (ibid., pp. 309-310) mentions an astrolabe designed by John of London that was made by his disciple 
Roger of Lincoln and was used in 1250 to correct the former’s star-table. In passing we note that there is an 
astrolabe of Lrench design with a mark of ownership “I LOND” in the National Maritime Museum (#3058— 
inv. no. A60/NA66-12), that bears closer investigation. The plates serve a series of latitudes (Carthage, Tunis, 
Armenia, Rome, Cremona and Paris) but there is an additional one for London and Lincoln (latitudes 52° and 
53°). Years ago I would have said that this was a 14 th -century piece, but it could well be 13 th -century. 
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by the Arabic originals (such as BAFAZ for bedalferaz from yad al-faras). 91 Some unusual 
forms such as SELLA for a UMa (a “saddle” on the back of the Great Bear, perhaps an 
interpretation of what is super dorsum eius ) are remarkable. 92 WEGA is not what one would 
expect of an Italian engraver, although an astrolabe made in Urbino in 1462 (#4506—see below) 
has VVEGA, following the textual tradition. In particular, the distinctive and unique rete design, 
with a frame within the upper ecliptic reminiscent of a bishop’s mitre, and a curious socle 
underneath it, as well as a misshapen trefoil at the bottom of the rete, raises a host of questions 
that I hope will be addressed when serious interest in medieval instruments becomes more 
widespread. Certainly, this is a piece that demands further study. Turner cautiously labelled 
it “European”, adding that “both Italy and England are contenders”. England can now be 
dropped. 

Figs. 10.3a-f display a 14 th -century French astrolabe of exceptional historical interest (#202). 
The numbers on it are in a notation totally different from the Roman and Hindu-Arabic ones, 
and unrelated to any alphanumerical ones; this notation was used mainly but not exclusively 
in monastic circles from the 13 th to the 16 th century. 93 This notation, involving solely rectilinear 
segments, is the most sensible ever designed by man when it comes to engraving numbers on 
metal or on wood (it was also used on wine-barrels). The design of the rete is typically French, 
with a short equinoctial bar perpendicular to the upper vertical axis, and half-quatrefoil 
decoration. 94 The month-names on the back of this astrolabe are in the medieval Picard dialect, 
which pinpoints the provenance. The mater bears a second layer of inscriptions, indicating that 
the Benedictine monk of Liege, Paschasius Berselius, gave the piece to his teacher of Greek 
in Louvain, Hadrianus Amerotius, in 1522. The use of monastic ciphers on the Picard astrolabe 
alone renders it one of the most interesting instruments known from the Middle Ages, but its 
later history in the hands of two Humanists of Liege and Louvain is almost as intriguing. 

Figs. 10.4a-c display three Italian astrolabes likewise of exceptional historical interest: the 
first, a very medieval-looking 14 th -century piece (#493), 95 whose rete-design clearly inspired 
the maker of the second (#4506), very Renaissance-looking piece dated Urbino, 1462. 96 An 
astrolabe with the same rete-design as the latter was copied in the intarsia in the study of the 
Archduke Federico da Montefeltro in his palace at Urbino, built in 1476. 97 

Figs. 10.5a-e show the front and back and some details of another Italian astrolabe (#548), 
probably 14 th -century, but bearing later engravings by a 15 th -century Parisian astronomer. 98 


91 On this corruption see Kunitzsch, Arabische Sternnamen in Europa, pp. 85-86. 

92 On this star-name see now Dekker, “Astrolabe Stars”, p. 189, n. 49. 

93 On this piece, within the context of the history of the monastic ciphers, see King, The Ciphers of the Monks , 
especially pp. 131-151 and 406-419. On the Picard connection see also Maier, “Romanische Monatsnamen”, 
A, pp. 240-242. 

94 See further XIVc-2 and XVII-3. 

95 Florence, Museo di Storia della Scienza, inv. no. 1107: now published—see n. 97. 

96 Formerly Musee Departemental d’Alliers, Moulin (stolen in 1973): published on the basis of photos of 
the front and back—see next note. 

97 See King, “Urbino Astrolabe”, which also contains the first descriptions of #493 and #4506. 

98 Nuremberg, Germanisches Nationalmuseum, inv. no. WI 6: see King, “Niimberger Astrolabien”, II, pp. 
578-581 (no. 1.74). 
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Figs. 10.1 a-b: The front and back of the remarkable astrolabe that came to light some 10 years ago (#4556). 
[Private collection; photos courtesy of Christie’s, London.] 
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Fig. 10.2a: Surely, the incomplete scale on the back of the medieval astrolabe (#4556) is mirrored in this scale 
on the back of a medieval English astrolabe (#300). [Courtesy of the Museum of the History of Science, Oxford.] 


When an instrument is not understood and has been labelled a fake, it is useful to consider 
it in the light of other instruments by the same maker or from the same workshop. This was 
the fate and then salvation of an astrolabe (#640)," dedicated in 1462 by the German astronomer 
Regiomontanus to his patron, the Cardinal Bessarion. Figs. 10.6a-d show details of this and 
of two out of ten other astrolabes in the Regiomontanus tradition (#452 100 and #549 101 ). 

No regional studies of astrolabe-making in medieval Europe have been conducted yet. 


99 England, private collection: see King & G. Turner, “Regiomontanus’ Astrolabe”, and the earlier literature 
there cited. On Regiomontanus see already Zinner, Regiomontan (also available in English); and the article by 
Edward Rosen in DSB. 

John North, referring to our study in “Review of Turner, Studies , B”, pp. 485-486, rightly points out that every 
argument we proposed to establish the authenticity of this piece could be countered by a sceptic. He seems to be 
unaware of the absurd claims (“looks like a Hartmann astrolabe”, “kitchen Latin”, etc.) that first led to the 
Regiomontanus astrolabe being returned to Christie’s after the 1989 auction and then led to our attempt to establish 
its authenticity by countering all of those claims. North conveniently omits any reference to all the other German 
astrolabes that I identified in the 80s, one by the same maker, and the others from related workshops. Turner and I 
described the 1462 piece in the context of all the others, and adduced (p. 186) a text by Georg Hartmann (1527) 
mentioning a feature of the astrolabes of Regiomontanus that he himself had seen, and which is found on the 1462 
piece. 

100 Paris, private collection: see King & Turner, “Regiomontanus’ Astrolabe”, p. 189, n. 54. 

101 Nuremberg, Germanisches Nationalmuseum, inv. no. WI 129: see King, “Niirnberger Astrolabien”, II, pp. 
582-586 (no. 1.75). 
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Fig. 10.2b: There is no need to suppose that #4556 was made in England, for it is clear that neither the astrolabists 
in Italy nor in England knew what to mark on these scales. What is supposed to be engraved there is found on 
AndalusI astrolabes from the 11th century, such as this piece by Ibrahim ibn SaTd al-Sahll in Toledo in 460 H [= 
1068]. Here we find the calendrical scales that are missing from the European astrolabes illustrated in Figs. 10.1b 
and 10.2a. They display a kind of perpetual calendar, enabling the user to find the day of the week from the date 
within a 28-year solar cycle: see also Fig. X-4.7.2. The front of this piece is illustrated in Fig. XIIIc-9o. [Courtesy 
of the Museum of the History of Science, Oxford.] 
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Figs. 10.3a-f: (a-b) The front and back of the Picard astrolabe with monastic ciphers (#202). 

(c) This notation, in its simplest form of Greek origin, was developed by Cistercian monks in the 13 th and 
14 th centuries, and was used in restricted circles for various purposes. 

(d) The details show the additional markings found on the plate for 51°, confirming the provenance already 
evident from the original textual inscriptions. 

(e) The latitudes of the plates rendered in ciphers. 

(f) An inscription on the mater reveals that the piece changed hands within the Humanist circle of Louvain 
in 1522. 

[Private collection; main photos courtesy of Christie’s of London, with details by the author.] 
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Figs. 10.3b 
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Figs. 10.4a-c: (a) This medieval Italian astrolabe (#493), preserved in Florence, has a distinctive rete pattern 
that was clearly popular. Note the small frame shaped like a wine glass below the ecliptic. [Photo courtesy of 
the Istituto e Museo di Storia della Scienza, Florence.] 

(b) A Renaissance astrolabe with identical design but very different aspect and engraving, dated 1462 and 
actually made in Urbino (#4506), was stolen in 1973 from the Musee departemental in Moulins (Alliers) and 
has not been recovered. The basic design of the rete inspired the 15 th -century Vienna school, and especially 
Johannes Stoffler ca. 1525 (see #253). [Photo courtesy of the late Alain Brieux, Paris.] 

(c) The astrolabe depicted in the Urbino intarsia. Note the similarity to those illustrated in Figs. 10.4a-b. [From 
King, “Urbino Astrolabe”, p. 102, courtesy of the editors.] 
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Figs. 10.5a-e: (a-b) This medieval Italian astrolabe (#548) has quatrefoil decoration on the rete and animals on 
the back that have elsewhere been shown to be English (Ackermann & Cherry, “Three Medieval English 
Quadrants”). This merits further investigation. [Courtesy of the Germanisches Nationalmuseum, Nuremberg.] 
Figs. 10.5c-e: Some details of the instrument. [Photos by the author, courtesy of the Germanisches Nationalmu¬ 
seum, Nuremberg.] 

(c) The piece also bears additional markings (or rather scratchings) indicating that it was put together 
( composuit ) by Henricus de Hollandia, a student of Jean Fusoris, probably in Paris ca. 1425. On Henricus de 
Hollandia see also Poulle, “L’horloge planetaire d’Henri Arnault de Zwolle”, and the references there cited. 

(d) But in the 16 th century the piece came into the hands of a German craftsman, probably in Nuremberg. 
In addition to the original Italian numerals on the rim (c), Henricus scratched the latitudes on the plates, here 
49° for Pari(si)us , and the German later punched the equivalent in Roman numerals. 

(e) On the scales on the back the three sets of engravings can be seen side by side: Italian (month-names), 
French (scratchings for numbers) and German (numbers, different from those in (e), with a second 10 in error 
for 12). 
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Figs. 10.6a-b: (a) This elegant astrolabe (#640) caused something of a stir in “the trade” when it was auctioned 
in London in 1989. Soon thereafter it was declared dubious by would-be experts. It took considerable effort 
to show that it was not. In King & G. Turner, “Regiomontanus’ Astrolabe”, it is shown to be one of eleven 
surviving astrolabes from the same workshop. 

(b) The dedication indicates that the piece was presented by Johannes (Regiomontanus), the leading European 
astronomer of the mid 15 th century, to his patron Cardinal Bessarion. The text contains some brilliant plays on 
words, as well as various anagrams and chronograms. The maker’s name can be determined from the anagram 
RGO 10, which is sufficient to identify him as IOannes de Monte ReGiO. The gift was for the occasion of the 
400 th anniversary of the 1062 Byzantine astrolabe shown in Figs. 4.1a-b (the date 1062 is there in a chronogram, 
and reading downwards we find the anagram SVB C D ANNIS, “after 400 years”). The expression OPVS DICTI 
DE CARDINE DIVI is a translation of an inscription on the 1062 astrolabe, and these words are used in quite 
different contexts in plays on words in the dedication. And there is a lot more. See Holzschuh & King, “The 
Earliest Renaissance Instrument Deciphered”. 
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Figs. 10.6c-d: (c) The rete of another from the same 
workshop (#452), doubtless made by the same crafts¬ 
man, uses the “medieval” Arabic star-names, whereas 
the 1462 piece uses the “Renaissance” star-names in 
Latin. 

(d) The fact that this diametric rule on a Regio¬ 
montanus-type astrolabe dated 1457 (#549) was 
broken and then repaired is graphically illustrated by 
the difference between the Renaissance numbers on 
the repaired part (up to 50) and the original medieval 
Gothic markings (60-70). 

[Photos of #640 courtesy of the National Maritime 
Museum, Greenwich, and Christie’s of London; photo 
of #452 from a private collection in Paris, taken by 
Gerard L’E. Turner, courtesy of the owner; photo of 
#549 by the author, courtesy of the Germanisches 
Nationalmuseum, Nuremberg.] 

(e) The thrones on various astrolabes of the 
Regiomontanus type. [From King, “Astronomical 
Instruments between East and West”, pi. 12 on p. 160; 
artwork by Helen Waldman.] 






















396 


PART XHIa 



Figs. 10.7a-b: (a) The pointers for the stars of the Great Bear on a remarkable astrolabe (#536) from ca. 1300 
(?). The provenance of this piece is uncertain but most probably French. It is significant that the star-catalogue 
in the treatise on astrolabe construction by Jean Fusoris (Paris ca. 1400) lists these stars. The plates serve 44°, 
46°, 49° and 52°, a combination that also suggests a French provenance. [Photo by Professor Gerard L’E. Turner, 
courtesy of the Museum Boerhaave, Leiden.] 

(b) The pointers for the stars of the Great Bear on a typical astrolabe from 16 th -century Louvain (#555). The 
inclusion of these stars is evidence of the influence of a medieval tradition yet to be researched. [Photo by the 
author, courtesy of the Germanisches Nationalmuseum, Nuremberg.] 


Sometimes the dearth of materials can make this a daunting task. Lor example, to cite the case 
of the Low Countries, we know (a) that there was an astrolabe in a monastery in Liege already 
in the 11 th century (we have the correspondence in which this instrument was requested on 
loan by a monastery in Cologne and refused 102 ); and (b) that a treatise on the use of the astrolabe 
was compiled by Henry Bate in Malines in 1274. 103 Yet not a single astrolabe survives that 
was clearly made in the Low Countries before ca. 1540. There is one possible exception 
(#536), 104 a spectacular astrolabe with unusual design betraying various French influences but 
which nevertheless could be from the Low Countries (see Figs. 10.7a-b). And then, within 
a few years, Louvain had become the leading centre of instrument-production in Europe. 105 

For a taste of what we are missing we might mention an astrolabe with Armenian inscriptions 
(#3800) 106 made ca. 1700 by an Armenian who had studied in Amsterdam—see Fig. 10.8. His 


102 See Tannery & Clerval, “Correspondance”. 

103 Published from an Oxford manuscript in Gunther, Astrolabes , II, pp. 367-376. The work recently published 
in Lorch, “Astrolabe Treatise of Rudolf of Bruges”, does not seem to have a Flemish connection beyond the 
name of the author. 

104 Leiden, Museum Boerhave, inv. no. 3102: see van Gent, Leiden BM Astrolabes, pp. 20-28. The plates 
serve 44°, 46°, 49° and 52°, a combination which also suggests a French provenance. Yet there is more to be 
said about this piece. 

105 The splendid Madrid 1997 Exhibition Catalogue takes our understanding of this scene a monumental step 
forward. 

106 Burakan Astrophysical Observatory, Armenia: see Tumanyan, “Armenian Astrolabe”. On the Armenian 
alphanumerical notation see Ifrah, Histoire des chiffres , I, pp. 542-543. 
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Fig. 10.8: The front of an astrolabe with Armenian inscriptions (#3800), with numbers in Armenian 
alphanumerical notation. This is the only such instrument known, and it was made ca. 1700 by Ghoukas 
Vanandetsi, who had worked in Amsterdam. The rete bears no relation whatsoever to contemporary Islamic 
designs; rather, it is based on a medieval Dutch or German rete. (Vaguely similar rete patterns are illustrated 
in a medieval German astrolabe treatise.) Since no early astrolabes survive from the Low Countries, this piece 
is of prime historical importance. [Property of the Burakan Astrophysical Observatory, Armenia. Photo from 
the Ernst Zinner Archives at the Institut fur Geschichte der Naturwissenschaften, Frankfurt am Main.] 
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Figs. 10.9a-b: (a) On the rete of this Iranian astrolabe, the basmala —the formula bi-sm' ‘Haft ‘r-rahmari ‘r- 
rahlm , “In the name of God, the Merciful and Compassionate”—is written very naturally, by the liberal and 
flexible standards of Arabic calligraphy, in mirror script. The piece (#3550) was made by Muhammad Zaman 
in Meshed in 1062 H [= 1651/52]. Neither this nor any other instruments by this maker reveal any European 
influence. It would be comforting for my hypothesis to find an basmala in mirror script on any Iranian metal 
object from before ca. 1500. [Courtesy of The Metropolitan Museum of Art, New York.] 

(b) Some of these Flemish astrolabes from the 16 th century exhibit frames in very similar form. Were these 
modelled on an Islamic astrolabe?? [From van Cleempoel, Louvain Astrolabes , p. 48, with permission of the 
author.] 

(c) Or was the basic “tulip” design available to Mercator on medieval astrolabes? This piece dated 1468 (#550) 
is in a medieval tradition, even though it is contemporaneous with the Regiomontanus-type astrolabes (Figs. 
10.6a-d). The latitude-related markings were started for 49° and finished for ca. 46;30°. [Courtesy of the 
Germanisches Nationalmuseum, Nuremberg.] 

(d) In any case, a very Islamic-looking but also very Flemish-looking rete is found on an astrolabe by Muhammad 
Muqlm al-Yazdl ca. 1650 (#1051). The relationship between the two schools of rete design merits further investigation. 
[Courtesy of the National Maritime Museum, Greenwich.] 
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astrolabe design, which is quite unrelated to contemporary Islamic designs, 107 and is surely 
based on a much earlier, indeed medieval, Dutch astrolabe! 

Only once the medieval instruments have been properly studied can one hope to properly 
understand the Renaissance instruments of, say, Louvain and London. 108 At least these have 
now been catalogued. 109 The only features that appear for the first time on Renaissance 
astrolabes appear to be wind-roses (the earlier Islamic variety 110 does not appear on Islamic 
astrolabes), and the markings for converting time in seasonal hours to equinoctial hours and 
vice versa (based on trivial mathematics). * * 111 Rete-design is, of course, another matter, although 
the more we learn about Islamic and medieval European models, the better we can place the 
Renaissance ones. One may wonder, for example, which came first: the basmala on Iranian 
astrolabes 112 written in mirror script 113 or the so-called “tulip”-shaped frames 114 on retes from 
Louvain—compare Figs. 10.9a-b. The inscriptions on certain 15 th -century Iranian and Central 
Asian astrolabe retes may serve as examples as the talent of Muslim craftsmen for such 
exquisite decoration. 115 In any case, if the inspiration for the Remaissance Louvain design is 
not to be found in Islamic calligraphy, it should be sought in medieval Europe: see Fig. 10.9c. 


107 Until 1998 this was the only Armenian astrolabe known. In that year an astrolabe with distinctive Iranian 
design, but with inscriptions in Armenian and dated 1479, appeared on the scene. This piece (#4220), described 
in Paris Drouot 19.12.1997 Catalogue , is now in a private collection. 

108 See my “Review of G. Turner, Elizabethan Instruments ”, especially pp. 148-150. 

109 G. Turner, Elizabethan Instruments ”, and van Cleempoel, Louvain Astrolabes. 

110 See, for example, Wieber, “Seekartogramm”. 

111 On this see, for example, Michel, Traite de Eastrolabe , pp. 42, 85-86 and 90. 

112 On #3550—-New York, Metropolitan Museum of Art, inv. no. 63.166—see King, Mecca-Centred World- 
Maps , p. 189, with an illustration of the back. 

113 Mirror script (called muthanna in Arabic or aynali yazi in Turkish) is fully within the historical tradition 
of Arabic calligraphy and calligraphic ornamentation. The earliest example known to me is on a silk fragment 
from 13 th -century Granada (see Fig. XV-16), although there are surely earlier examples. Alas, I lost my most 
useful reference book on Arabic calligraphy — see n. 16 to XIIIa-3— in which I still recall seeing some. For 
some late examples, see Safadi, Islamic Calligraphy , pp. 31 and 137; and Schimmel, Calligraphy and Islamic 
Culture , pp. 32, 84, 113, and n. 59 on p. 171 and the article “Khatt” in EI V esp. col. 1124b (Iran), and col. 
1126a and Fig. 12 in PI. XXXIX (Ottoman Turkey), as well as Derman, The Sultan's Signature , pp. 160-161 
with an illustration of a basmala in muthanna script by the Turkish calligrapher Ismail Hakki (d. 1946). 

None of the many inscriptions illustrated in Melikian-Chirvani, Iranian Metalwork in the V&A, is in mirror 
script, but neither are there any astrolabes featured in that book, even though there are some Iranian astrolabes 
in the collection on which this otherwise splendid catalogue was based! 

Historians of art are generally incapable of understanding that astronomical instruments are both “metalwork” 
and “works of art”, and that they constitute the largest corpus of art works still to be investigated from an art- 
historical point of view. (This holds for both Islamic and European instruments.) But that is not the only problem 
confronting historians of that “figment of the imagination” known as “Islamic Art”: see Melikian-Chirvani, 
“Toward a Clearer Vision of ‘Islamic’ Art”. 

114 The term “tulip” is used advisedly, not least because these frames do not really resemble tulips. It seems 
uncontested that the tulip was introduced in Holland from Turkey in the 16 th century. On the frames on Louvain 
astrolabes see already the insightful remarks in van Cleempoel, Louvain Astrolabes , pp. 46-51. If the Louvain 
retes were inspired by an Islamic basmala , one still has to “explain” the frames outside and below the ecliptic. 
As van Cleempoel remarks, these are intimately connected to the frames within the ecliptic. 

115 A particularly spectacular example from the 17 th century is shown in Fig. XIVd-2.1b. See also the 13 th - 
century palindrome in Figs. XIVb-3.1c-d. 
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11 The quadrant in medieval Europe 

We now know that the so-called quadrans vetus, a combination of a universal horary quadrant 
fitted with a solar declination scale and a superposed shadow-square, which was first introduced 
in Europe in the late 12 th century is of Islamic provenance. All other European quadrants, mostly 
of the trigonometric variety, and known only from textual sources, are also of Islamic origin. 
This includes the sexagenarium and the meteoroscope. 116 The details of the transmission to 
Europe are unclear. 117 The quadrans novus of Profatius ( ca . 1300) is an unhappy combination 
of two unrelated sets of markings: firstly, a universal horary quadrant fitted with shadow-square 
and cursor—that is, the early Islamic quadrans vetus —and secondly, a stereographic projection 
of the ecliptic and a series of horizons for different latitudes. The horary quadrant determines 
time approximately without using the ecliptic and the horizons; these are useless for the main 
operations of timekeeping because there are no altitude circles. The other side of the instrument 
was fitted with a sine quadrant to perform the operations of time-keeping using trigonometric 
formulae. This bastard instrument was popular in Europe but unknown in the Islamic world. 118 

12 Concluding remarks 

In this brief overview, I hope to have conveyed some of the results of recent research on 
medieval Islamic and European astrolabes, and to have shown the importance of investigating 
the instruments in the light of contemporary textual sources. There is material here for the 
historian of astronomy, the historian of mathematics, the specialist on Arabic manuscripts, the 
art historian, and the student of Arabic, Hebrew and Latin calligraphy. Although—at least from 
a scientific point of view—many of the most interesting developments are recorded only in 
manuscripts and not attested on surviving instruments, remarkable instruments still keep 
turning up. 

The surviving astrolabes, be they Islamic or European, are a rich source for the study of the 
development of various astronomical, geographical and mathematical concepts, let alone 
technology and decorative art. They have never previously been systematically exploited for 
the names used for stars on representations of the heavens, for the latitudes that were used 
for specific localities, or for the various scales and trigonometric grids used to facilitate various 
calculations. Modes of construction changed over the centuries, and the decoration used for 
star-maps had to be modified because stars move relative to the ecliptic (the longitude increases 
linearly with time although the latitude remains unchanged) and to the celestial equator (both 
right ascension and declination change irregularly). The closer one looks at these instruments, 
the more one can learn about the development of numeral forms, the application of new 


116 On the former see Poulle, “Sexagenarium”, and now Aguiar & Marrero, Sexagenarium. On the latter see 
North, “Meteoroscope”. 

117 See Lorch, “Sine Quadrant”. 

118 On the quadrans novus see now X-6.5, XI-10.3 and XIIa-8. 
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mathematical techniques in astronomy, 119 the geography of the instruments (where they were 
made and the places for which they were intended), 120 local variations in Islamic religious 
practices (prayer at specific times in a specific direction) and Christian saints’ days, and the 
ingenuity of the medieval mind and the diversity of medieval culture. The inscriptions— 
particularly the names of the months and zodiacal signs, and occasionally even star-names— 
can often be used to localise the provenance of an instrument when these are in local forms 
of Latin or in vernaculars. The positions of the stars on medieval European astrolabe retes 
present a challenge of their own, for it is of little interest to show that they seldom correspond 
to reality; rather, it is more worthwhile to compare them with contemporaneous star- 
catalogues. 121 The technological aspects of these medieval astrolabes have mainly been ignored 
to date; fortunately, we have some reliable studies of later instruments that set the standards 
for future investigations. 122 Futhermore, many of these medieval astrolabes are scientific works 
of art. To obtain a feeling for the sheer beauty of some historical instruments, the reader is 
recommended to visit the major collections in Oxford or Greenwich, Florence or Nuremberg, 
Chicago or Washington, or to leaf through various lavishly illustrated books. 123 


119 These are especially evident in the form of graphical representations of mathematical functions. See North, 
“Graphical Representation of Functions in Medieval Astronomy”, and, with many more examples, Charette, 
“Numbers and Curves”, as well as idem, Mamluk Instrumentation, passim. 

120 See n. 3. 

121 See n. 36. 

122 See the studies cited in n. 33. 

123 Such as Michel, Instruments', A. J. Turner, Instruments', and G. L’E. Turner, ed., Strumenti. Some of the 
splendid instruments in Belgian collections are featured in Brussels SG 1984 Exhibition Catalogue. For a tour 
through a library of early European books on instruments, especially astrolabes, in the company of a guide with 
a sense of humour, see Simcock, “Rambles”. 
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Bashir Faransls, Nasir al-Naqshabandl, c Abbas al- c AzzawI and Jirjis c Awwad, 

and also Issam El-Said 
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ACKNOWLEDGEMENTS AND NOTES TO THIS VERSION 


A tiny undated astrolabe formerly in the Archaeological Museum at Baghdad is here shown 
to date from the late 8 th century, or at the latest, the first quarter of the 9 th century, that is, 
the time of the first Muslim encounters with Hellenistic science. It has precisely the form of 
the simplest astrolabes with Greek inscriptions, astronomical markings for a set of stars from 
a Greek star-list, whose positions were derived using the (inaccurate) Greek value of precession, 
and latitude-related markings for the seven climates of Greek Antiquity. Some detective work 
is needed to look behind a layer of inscriptions added almost a thousand years after the astrolabe 
was made. The instrument is here compared with a Byzantine astrolabe dated 1062, which is 
the only surviving astrolabe with Greek inscriptions, and various early Islamic astrolabes from 
the late 9 th and 10 th centuries, all made in Baghdad. This Baghdad astrolabe is a symbol of 
an unprecedented (and unparalleled) episode of trans-cultural scientific transmission, imme¬ 
diately preceding the remarkable Renaissance in mathematical astronomy and astronomical 
instrumentation that took place in Baghdad in the 9 th century. 

I wrote this study in the Spring of 2003, during the invasion and occupation of Iraq by a 
very ill-advised military force, with the war profiteers ready to move in behind them. As I 
prepare this version in the Spring of 2004 for inclusion in this volume, the folly of this adventure 
is becoming apparent even to some of its advocates. Alas, it is the Iraqis who will pay most 
dearly for this attempt to bomb them into democracy. A documentation centre on the Iraqi 
cultural heritage as represented in museums and libraries has been established at the Oriental 
Institute of the University of Chicago.* In order to stay sane during 2003 I prepared a website 
listing all of the research that has been conducted to date on the Renaissance of astronomy 
in Iraq, which occurred at a time when Baghdad was the most civilized city in the world and 
people there were involved in sensible things like writing history, studying language, discussing 
theology, reciting poetry, and making astrolabes.** 

My hope is that the little Baghdad astrolabe has survived this period of horror, and that there 
will be enough sensible people left in Baghdad to one day appreciate its significance. Certainly 
there were people there 50-odd years ago who were seriously involved with the conservation 
and documentation of their cultural heritage, and this paper is dedicated to the memory of four 
of these scholars. Likewise, I pay tribute to the Iraqi-born scholar Issam El-Said (1938-88), 
who found exile in England, for his splendid book Islamic Art and Architecture: The System 
of Geometric Design, Reading (U.K.), 1993, the only work on the subject known to me which 
mentions geometry and numbers. 


* See http://oi.uchicago.edu/OI/IRAQ/iraq.html. 

** See www.uni-frankfurt.de/fb 13/ign/astronomy_in_baghdad/bibliography.html. 
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1 Introductory remarks 

1 The occasion of this study 

One of my less violent reactions to the horrendous events that occurred in Iraq during the Spring 
of 2003 was to excavate from my unpublished and incomplete catalogue of medieval Islamic 
and European astronomical instruments (see XVIII) a description of what is, without a doubt, 
the oldest known astrolabe : see Figs. 1-4. For it was made in Iraq, and it was made before 
the astounding developments in astronomy and astronomical instrumentation that occurred 
there in the 9 th and 10 th centuries. 1 In fact, I have no hesitation in assigning it to the late 8 th 
century, that is, to the period when the Muslims were first coming into contact with Hellenistic 
(as well as Indian and Iranian) astronomy. Alas, I cannot write that it is the oldest surviving 
astrolabe, for until recently the instrument was preserved in the Archaeological Museum in 
Baghdad. So we shall have to wait and see whether this precious piece and the other, far less 
historically important, astrolabes in the Baghdad collection have survived (see the Appendix 
for a list of these). 

2 The early history of the astrolabe and the oldest surviving examples 

The astrolabe is a Greek invention. 2 We have a Greek text on the astrolabe by Philoponos ( ca. 
625) and a Syriac text by Severus Sebokht (ca. 650). 3 Only one astrolabe with inscriptions in 
Greek survives to this day: 

❖ a Byzantine piece dated 1062 (#2—1.1.1), preserved in the Museo dell’Eta Cristiana 
in Brescia, which is signed by one Sergios, apparently a Persian (?), and seems to have 
been constructed in Constantinople. It was published in 1926, 4 but since then has not 
received the attention it deserves. See Fig. 5 and also XIIIa-4. 

We know from a reliable source, namely, the 10 th -century Baghdad bibliographer Ibn al-Nadlm 
(XIIIc-0c), 5 that the Muslims came into contact with the astrolabe in the mid 8 th century in 
Harran, then a centre of Hellenistic learning. 6 Elsewhere the same source informs us that the 
first Muslim to actually make an astrolabe was al-Fazarl, 7 who is one of the two earliest Muslim 
astronomers known to us. 8 It would be nice if the Baghdad astrolabe were signed by al-Fazarl, 
but alas it is not. It is competently made and is surely one of the earliest astrolabes ever made 
by any Muslim. 


1 For an overview of Islamic mathematical astronomy see now King & Samso, “Islamic Astronomical 
Handbooks and Tables”. For an overview of Islamic instrumentation see X. 

2 There is nothing of consequence to be added to Neugebauer, “Early History of the Astrolabe”, dealing with 
textual transmission, except, of course, what we can write about the first surviving examples. 

3 On the texts see Neugebauer, “Early History of the Astrolabe”. For some English translations see Gunther, 
Astrolabes , I, pp. 61-103. 

4 Dalton, “Byzantine Astrolabe”, summarized in Gunther, Astrolabes , I, pp. 104-108 (no. 2). 

5 On this and other sources see also King, “Origin of the Astrolabe”, now in XHIe. 

6 See the article “Harran” by Geza Fehervari in EI V which includes references to studies of the city in pre- 
Islamic times. 

7 Ibn al-Nadlm, al-Fihrist , edn., p. 273. See also XIIIc-Oc. 

8 See the articles “al-Fazarl” and “Ya'qub ibn Tariq” by David Pingree. 
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Figs. 1-4: The Baghdad astrolabe (#3702). [Photos 
from the 1950s courtesy of the Archaeological Mu¬ 
seum, Baghdad.] 
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We do have several other astrolabes made in Baghdad in the late 9 th and 10 th centuries (see 
now XIIIc), and the piece under discussion is, appropriately, simpler and less developed than 
these. In fact, it represents precisely the simple type of instrument that is described in the Greek 
and Syriac texts on the astrolabe, and confirms what one might have suspected, namely, that 
the Muslims in the 8 th century inherited this simple type of astrolabe. 

The 1062 Byzantine astrolabe is not in the simple tradition of the earliest previously-known 
Islamic astrolabes, for it bears various new features, both technical and artistic, 9 although the 
form of its rete is in the same distinctive tradition as that of the Baghdad astrolabe. The first 
set of astrolabes from late-9 th - and early-10 lh -century Baghdad bear witness to the simple design 
modified from the standard Byzantine design. They include: 

❖ An undated astrolabe (#1026—XIIIc-1.1) and a solitary rete (#2529—XIIIc-1.2), the 
former signed by “Khafif, the apprentice of c All ibn Tsa”, and the latter identical in 
engraving, both preserved in the Museum of the History of Science, Oxford. Khafif 
seems to have been active ca. 875-900—see XIIIc-0. 

❖ An illustration of another astrolabe by Khafif (#4030—XIIIc-1.3), found in a 16 th - 
century Italian illustration preserved in the Uffizi Gallery in Florence. 

❖ An undated astrolabe by Ahmad ibn Khalaf (#99—XIIIc-2), preserved in the 
Bibliotheque Nationale de France. Ahmad ibn Khalaf seems to have made this piece 
ca. 925. 

❖ An astrolabe by Nastulus, dated 315 Hijra [= 927/28], preserved in the Dar al-Athar 
al-Islamiyya in Kuwait (#3501—XIIIc-3.1). 

The second set, from the 10 th century, bears witness to the changes and additional markings 
that were introduced on the instrument, mainly in the 9th century. I mention only: 

❖ The mater of an undated astrolabe by Muhammad ibn Shaddad (al-Baladl), formerly 
in Berlin, present location unknown (#1179—XIIIc-4). The importance of this piece 
is partly due to the fact that it bears three different kinds of shadow scales on the back: 
see XIIa-B. 

❖ The mater of an imposing astrolabe by Hamid ibn c All al-Wasitl dated 343 H [= 954/ 
55] (#100—XIIIc-8.1). The instrument was stolen from a museum in Palermo early 
in the 20 th century and has not resurfaced. 

❖ The spectacular astrolabe of the astronomer Hamid ibn Khidr al-Khujandl, made in 
Baghdad in 374 H [= 984/5] (#111—XIIIc-9). It features zoomorphic and other 
decoration on the rete, plates for the pole and the equator and the Arctic circle (for 
coordinate conversion), plates for astrological purposes, an horary quadrant for latitude 
33° (Baghdad), and astrological information in tabular form. 

These modifications included a plate of horizons for all latitudes, several kinds of scales 
showing shadow-lengths corresponding to a range of solar altitudes, various kinds of trigo- 


9 Notably, the denser altitude circles between the solstitial base circles on the plates, for improved operations 
with the sun, and the decorated throne. The absurd shadow scales covering the back—absurd, that is, unless 
they are the first “plane table” in the history of surveying—are surely a later addition. 
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nometric grids for facilitating operations with sines and cosines, and two kinds of markings 
in the form of a quadrant for finding the time from the solar altitude, either accurately for a 
specific latitude or approximately for all latitudes (Xlla). Some of these are attested already 
in the earliest surviving Arabic treatise on the construction and use of the astrolabe, by al- 
Khwarizml (ca. 825); others are described in a series of treatises that have been identified 
during the past 20-odd years. 10 We now return to a much earlier, much simpler device. 

3 The historiography of the Baghdad astrolabe 

Our astrolabe came into the hands of the Iraqi astronomer c Abd al-Hallm al-Hafatl (d. 1942), 
whose private collection included four other astrolabes and some Arabic astronomical 
manuscripts. * 11 This particular astrolabe, together with the other four, was donated to the 
Museum in the late 40s or early 50s by his son, Ahsan al-Dln al-Hafati. 

The Baghdad astrolabe is not unknown to the literature on the history of Islamic instruments, 
for it was published already in 1957 by two Iraqi scholars, Bashir Faransls and Nasir al- 
Naqshabandl, 12 in the journal Sumer, the official organ of the Iraqi Ministry of Antiquities. 
Naqshabandl was the author of several studies on early Islamic coins. 13 Their joint article, in 
Arabic, described some seven astrolabes in the Museum. Alas the illustrations of our astrolabe 
are poor indeed, and can only with difficulty be reproduced here—see Figs. 1-4. 14 The 
descriptions are competent and adequate for the time, with a slavish commitment to record 
every inscription (with hundreds of corrupt entries from gazetteers), and not improved by their 
printers. 

To put this first publication on this astrolabe in context, we should point out that in the same 
year, 1957, the Director of the Iraqi Museum Library, Gurgis Awad, published in Sumer a list 
of close to 200 Arabic treatises on the astrolabe. 15 Indeed, in the 1950s and early 60s there 
was a remarkable interest amongst Iraqi scholars in the history of Islamic science. 16 


10 See, for example, Charette & Schmidl, “al-Khwarizm! on Instruments”; and King, “ Quadrans Vetus”, and 
now Xlla. 

11 Fransls & Naqshabandl, “Baghdad Astrolabes”, p. 10b, and c AzzawI, History of Astronomy in Iraq , p. 168 
(both in Arabic). See ibid., pp. 105 (bound after p. 120), 168, 189, 233, 299, on various Arabic astronomical 
manuscripts also owned by al-Hafatl. 

12 Faransls & Naqshabandl, “Baghdad Astrolabes” (in Arabic), pp. 12-13 and pis. 2-3 (rete, mater and plates), 
and 4-5 (front and back). 

13 See, for example, his al-Dinar al-Islaml fi ( l-Mathaf al- c Iraqi, Baghdad, 1953, and his articles in Sumer 
in 1948-52 and 1956. Catalogues of the medical and astronomical manuscripts in the Iraqi Museum in Baghdad 
have been published by his son, Usamah Nasir Naqshabandl: see Sezgin, GAS, VI, p. 362. 

14 It is a pleasure to thank my colleague Professor Fuat Sezgin for having a set of digitalized images prepared 
from the Sumer article and placing these at my disposal, as well as Dr. Burkhard Stautz, for preparing new 
graphics to update those in his Mathematisch-astronomische Darstellungen auf mittelalterlichen Instrumenten 
(see n. 23). 

15 Awad, “Arabic Astrolabe Treatises”. The author had no conception of Western bio-bibliographical sources 
on Islamic scientific literature (at that time restricted to Suter and Brockelmann), but cited a few catalogues 
of Western library collections, indicating that he had profited from a rihla. Nevertheless, Awad’s survey has 
never been updated or replaced. 

16 Notably, c Abbas al- c AzzawI wrote a history of astronomy in the Islamic world, focussing on Iraq, and listing 
authors and their works, with occasional references to manuscripts. This (listed as History of Astronomy in Iraq) 
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In 1959 Ahmad ibn Kamal and the Baghdad astrolabe were listed in the inventory of Muslim 
instrument-makers and their works compiled by Leon A. Mayer in Jerusalem. 17 Those were 
the days when diligent scholars could control all publications in their chosen field! But Mayer 
overlooked the age of the astrolabe and the contradiction with the name of the maker. 

In 1962 the Baghdad astrolabe was appropriately listed amongst the earliest surviving 
astrolabes by the French instrument expert, Marcel Destombes. 18 He was intent on establishing 
a historical context for the oldest surviving European astrolabe, which he associated with 10 th - 
century Catalonia, a context that has been confirmed—to the annoyance of his detractors— 
by later investigations by myself (comparing the piece with all known—over one hundred— 
other early astrolabes) and Anscari Mundo (comparing the distinctive engraving with docu¬ 
mented 10 th -century inscriptions from Catalonia). 19 This extremely important object is, alas, 
still beyond the comprehension of the uninitiated. 20 

In 1973, Derek de Solla Price and his young colleagues at Yale University published their 
computerized checklist of astrolabes, devoting a one-liner to each instrument. Alas their 
information on this piece was deficient. 21 

The real significance of the Baghdad astrolabe was recognized only in the early 1990s when 
it was catalogued along with all other Islamic and European astronomical instruments from 


he published in Arabic in 1958. It is a remarkable work, not only because it is based on his researches in Baghdad 
libraries, but because he was completely innocent of any Western research that had been conducted on the subject 
over several centuries. c AzzawI’s collection of 3350 manuscripts went to the library of the Iraqi Museum: see 
Sezgin, GAS, VI, p. 362. 

Yet another useful work, also in Arabic, is on Islamic cartography by Ibrahim Shawkat, published in 1962 
in a journal of the teacher-training college at Baghdad. 

I have not yet been able to consult another work in Arabic by Shawkat published in 1970, this time dealing 
with the astrolabe (“ al-Asturlab ”). The Arabic title translates: “The astrolabe: methods and principles of its 
engraving and construction”, so that presumably it deals with the theory and construction of the instrument. 
George Saliba (“Astrolabe of Khaflf’, p. 115, n. 9) mentions that Shawkat here states that the astrolabes of Khaflf 
are the oldest surviving ones known to us. Shawkat was surely familiar with the tiny Baghdad astrolabe, but 
probably accepted the dating of Faransls and Naqswhabandl to the 10 th century. 

In Baghdad in 1968 there was published an encyclopaedia of the history of the Arabic script, entitled Atlas 
of Arabic Calligraphy (Musawwar al-khatt al- c arabl), authored by Najl Zayn al-Dln, a large and most useful 
volume illustrating dated specimens of calligraphy and engraving. My copy was liberated by a student at the 
end of a seminar at New York University in the early 1980s, and I have not seen another copy of this splendid 
book since. 

Also in those days the Baghdad publishing house al-Muthanna published a substantial number of reprints 
of editions of medieval Arabic scientific works, pirated from various 19 th - and 20 th -century Orientalist works. 
For example, they reprinted W. Ramsey Wright’s 1934 facsimile edition and translation of al-Blrunl’s 
introduction to astronomy and astrology, and C. A. Nallino’s edition of the astronomical handbook of al-Battanl 
(one the one volume with the Arabic text, the two volumes with Nallino’s Latin translation and commentary 
were deemed superfluous, even though—or maybe because—they contained all the tables). 

17 Mayer, Islamic Astrolabists , supp., p. 294. 

18 Destombes, “Astrolabe carolingien”, p. 12, dating the piece to the second half of the 10 th century, by analogy 
with the rete of Ahmad ibn Khalaf (#99—1.2.3). 

19 See our respective contributions to Stevens et al., The Oldest Latin Astrolabe. 

20 A hapless description recently published in Paris IMA 2000 Exhibition Catalogue , p. 242 (no. 245), undoes 
the work of several specialists, daring to even suggest the possibilities of an origin in Italy, Sicily or Northern 
France and a post-12 th -century provenance, and virtually dismissing the instrument as “atypique”. 

21 Price et al.. Instrument Checklist, p. 29, lists this instrument with its location and the name of Ahmad ibn 
Kamal, omitting the diameter and any dating. 
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before ca. 1500. 22 In the mid 1990s the Baghdad astrolabe featured prominently in various 
writings by Burkhard Stautz, who was the first to recognize a very remarkable feature of the 
star-positions on the rete and who used the piece appropriately to demonstrate the form in which 
the astrolabe was transmitted to the Muslims. 23 

Our concern here is first with the article by Faransls and Naqshabandl. They recognized the 
early provenance of this particular Baghdad astrolabe, assigning it to the 10 th century on the 
strength of some kufl inscriptions, and they asserted that the limbus and rete and were later 
replacements, both fashioned (they used the word sana ahuma, indicating a dual object) by 
the man whose name is engraved on the front of the throne. The reader should be aware that 
even at the end of the 20 th century, scholars who on a local level were taken as experts on 
instruments, have been dumbfounded by artefacts with two layers of inscriptions. In fact, the 
different layers can usually each tell us something, often about the subsequent fate of the 
original piece. 24 

I am going to suggest that, in this case, the entire astrolabe is very early Islamic, 8 th century, 
and that the rete has been reworked, probably in the 18 th or 19 th century. Alas I cannot offer 
proof in the standard form of a complete set of photos with blow-ups of important details. I 
have only poor quality photos of the front and back, diameter 3.5 cm, yet worse photocopies 
of the mater and plates, as well as the description by Faransls and Naqshabandl (hereafter, 
F&N). 

4 The description of Faransls and Naqshabandl and its problems 

F&N state, on the evidence of the kufl engraving, that the mater and plates are from the 10 th 
century. But it should be pointed out that they had never seen a 9 th - or a 10 th -century astrolabe, 
and they present no comparative epigraphic evidence for their assertion. Further, they do not 
comment on the unhappy Arabic of the inscriptions in the plates (see 2.5 and 3.13). 

F&N assert that the limbus of the mater and the rete are “recent” (hadith), attributing both 
to Ahmad ibn Kamal (sana ahuma), whose name they read engraved on the throne. There is 
no other inscription on the throne beyond this name. 

Now the limbus cannot be a replacement, for there is not a trace of any rivets on the front 
of the limbus or on the back of the mater. Besides the numbers engraved on the scales on the 
front of the limbus and the back of the mater are in the same kufl hand. I have no doubt then, 
that the limbus, apparently one piece with the throne and the mater, is original. 

Also the rete itself is original. It is the only the star-names that are a later addition. Unfor- 


22 Alas, this catalogue (see XVIII) remains unpublished, partly because it is not complete, partly because 
of the difficulties in obtaining photos, partly because funding was exhausted, but also because, apart from a 
few aficionados, there is a serious lack of interest in medieval instruments. In fact, at the time of writing, not 
a single voice has reacted to the table of contents of the catalogue that was put on the Internet some years ago! 

23 Stautz, “Die fruheste Formgebung der Astrolabien”, and idem, Mathematisch-astronomische Darstellungen 
auf mittelalterlichen Instrumenten, pp. 41-43 (no. A2), and 179-181 (graphics), also Munich Astrolabe Catalogue, 
pp. 14, and 16-17. 

24 The Destombes astrolabe is the best example (see nn. 19-20), but there are several others one could mention, 
including one with five layers of inscriptions in three languages: see King, “Medieval Spanish Astrolabe”, now 
in XV. 
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tunately, F&N’s rendering of the star-names is very unreliable, which is particularly sur¬ 
prisingly because Naqshabandl was a specialist in inscriptions on early Islamic coins. They 
record 20 names, one of which is not a name of any astrolabe-star, another is not on the rete 
anyway, and three of their names are repeated. 25 They would have done well to compare the 
names they were copying with those on the other astrolabes they published. Fortunately, even 
though they are not all visible on the available photos, the star-names in naskhl can be 
reconstructed (see 2.4). In fact, using these, we can also reconstruct the original names (see 3.5). 

5 The problem of the engraving in naskhl script 

Alas, the available photos, two published by F&N and published again here from copies, and 
two published by F&N that are published again here from photos made from the some original 
negatives, are of such poor quality that they are inadequate to confirm or refute some of the 
assertions made by F&N. 

Most serious is the problem of the inscription on the throne. The most I can confirm is 

“Ahmad ibn (son of)-[1]”, the final “1” (Arabic lam) of the second name being visible. 

I could also be persuaded that the name Ahmad might be preceded by the word yd, the vocative 
particle, although the “y” (yd 3 ) lacks the two dots, and such an inscription would make no sense 
anyway, because the invocation would have to be to the deity or to a religious personality. 
But there is still hope. For no common Arabic names that end in “1” come to mind other than 
Kamal, or Kamil, and Jamal, or perhaps Bilal. (There is not enough space for a name in the 
form of a nomen professionis, which would necessarily be introduced by the distinctive definite 
article al-.) So I am inclined to give F&N the benefit of the doubt, and accept Kamal as the 
name of Ahmad’s father. Now names of the form Kamal al-Din, “the Perfection of the Religion 
[sc. Islam]”, or Jamal al-Din, “the Beauty of the Religion”, are attested from the late 9 th and 
especially the 10 th century but they were not generally shortened to Kamal, etc., before the 
Timurid and Ottoman period. 26 Note that the astrolabist of Ulugh Beg in early-15 th -century 
Samarqand was known as, and signed his instruments as, Jalal al-Asturlabl (see XIVd-0). 

It should be pointed out that the presence in naskhl inscriptions is not in itself necessarily 
an indication of great age. However, the naskhl on this astrolabe is very late. The two oldest 
signed Islamic astrolabes have inscriptions that will surely surprise specialists in engraving: 

❖ One in Oxford (#1026—XIIIc-1.1), datable ca. 875-900, is signed in a round naskhl 
script. On the back of the throne we read: “Khaflf, ghulam of 'All ibn Tsa”, and on 
the front: “by order of ( bi-rasm ) Ahmad al-Munajjim (“the astronomer/astrologer” or 
“the member of the al-Munajjim family”) al-Sinjarl”. Significant is the lack of a verb 
“constructed by”. 


25 They propose, within the ecliptic:- (1) fakka —(2) al-hawwa —(3) al-waqi —(4) ridf- —(5) al- c awwa [sic; 
not an astrolabe-star!]— (6) al-dabaran [sic; should not be inside the ecliptic!]— (7) al-ral [no such astrolabe 
star! sic for al-ramih] —(8) kaff al-khadlb; on the ecliptic:- (9) al-tair; and outside the ecliptic:- (10) qalb al- 
asad —(11) al-shaa[miya] —(12) c ayn al-thawr —(13) qalb al-'aqrab —(14) al-yamaniya—(15) al-rijl —(16) 
dhanab al-qaytus —(17) qalb al-asad [repeated] —(18) al-sha[miya] [repeated] —(19) al-jabbar —(20) ‘ayn al- 
thawr [repeated], 

26 The best sources known to me on Islamic names are Schimmel, Islamic Names, and the article “Ism” [= 
names] in EI 2 , by the editors. 
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❖ The other in Paris (#99— XIIIc-2), datable ca. 925, is signed in kufi script: “Made by 
( sanaahu ) Ahmad ibn Khalaf for Ja c far son of al-Muktaf! bi-llah”. 

Now, an owner might put his name on the throne of an astrolabe without further words, 
especially in the late period: see, for example, Fig. XIVg-1. 

The rete shows no apparent signs of having been reworked. It would have been nice to 
be able to identify part of a kufi star-name that had not been obliterated. It is almost as if the 
rete had been devoid of star-names. But there is evidence that these star-names in naskhl were 
at least inspired by, if not copied from, a set of 8 th - or 9 th -century star-names (see 3.5-9). 

Finally, I cannot confirm that the naskhl script of that inscription is the same as the engraving 
of the star-names on the rete, though F&N stated that it was. 

Thus it seems highly likely, but it is not certain, that this Ahmad ibn Kamal was a person 
who came to own this astrolabe, probably in the 18 th or 19 th century. He, or another, felt a need 
to engrave the star-names in naskhl script. 

2 Description of the Baghdad astrolabe 

“And he arose, and stretching forth his hand, took out a handkerchief and opened it; and 
lo, there was in it an Astrolabe consisting of seven plates.” From the story of the tailor 
in The Thousand and One Nights, cited in Gunther, Astrolabes of the World, I, p. 173, 
quoting Edward Lane’s 1839-41 or 1859 edn., I, p. 372. 

1 Basic information 

The astrolabe is numbered 9723 in the collection of the Dar al-Athar (Archaeological Museum), 
Baghdad, and 3702 in the International Instrument Checklist. 27 The instrument is in brass and 
has a diameter of 8.5 cm. 

2 The two layers of inscriptions 

The workmanship is simple but not crude, the script a neat kufi (mater and plates) and an 
inelegant but legible naskhl (rete), and there are one or two features which indicate that the 
maker was not completely in control of his craft. It is most likely that the plates are original 
Abbasid because the script is kufi, although the style of the inscriptions—see below—is poor 
Arabic and more typical of Ottoman Turkey that Abbasid Iraq. Certainly, under scrutiny of 
a magnifying glass applied to poor-quality photographs on which the astrolabe has a diameter 
of 35 mm, the mater and rete give no indication of having been reworked. For the following 
description, I have been forced to rely on the publication and on the photos of the front and 
back. 

The inscription that can be accepted as “Ahmad ibn Kamal” is engraved as low as possible 
on the throne, because presumably the shackle was already in place and not much room was 
available. 


27 See n. 21 above. 
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3 The throne and limbus 

The throne is raised and awkward in design, being non-symmetrical about the vertical, but the 
“vertical axis” itself is not properly vertical anyway. There are basically two lobes on each 
side with a small hole on the outer lobe on the right. There is a larger hole on each side within 
the larger “lobe”, in the Abbasid tradition, but these “holes” are open at the outer edges. The 
suspensory apparatus attached to a smaller hole at the middle is a primitive shackle with swivel 
and a circular ring. 

The scale on the limbus is crudely divided for each 5° with subdivisions for each 1° and 
labelled for each 5° clockwise to 90° in each quadrant (without tens and hundreds) (there seem 
to be problems with the labelling of some of the 5°-intervals in the lower left quadrant), the 
numerals being written in kufl , and the rim of the mater unusually wide. All numbers here and 
elsewhere are in the Arabic alphanumerical ( abjad) notation. 28 The inside of the mater has a 
peg at the bottom to hold the plates and is marked—see below. 

4 The rete 

The rete is simple and not decorated. The inscriptions are in naskhl. The equinoctial bar is 
rectilinear and there is a broad equatorial frame. The scale on the ecliptic ring bears unlabelled 
disvisions for each 6° and the names of the zodiacal signs are: 

al-hamal — al-thawr — al-jawza — al-saratan — al-asad — al-sunbula — al-mlzdn — 
al- c aqrab — al-qaws — al-jady — al-dalw — al-hut 
These are standard, and just what we would expect from an engraver in the Ottoman period. 
Pisces (al-hut) is invariably labelled al-samaka on early Abbasid astrolabes (see further 3.16 
and also XIIIc-3.1-3, 2, 3.1, 6, and 8.2). 

The form of the pointers is dagger-shaped, typical of early Abbasid retes (see 3.4). In all, 
17 stars are named, although one name does not relate to a pointer. Also, one pointer is not 
named at all. Thus there are actually 17 pointers, with 16 of them named. 

If we drop three of the 20 names F&N record that are repeated, we are left with 17 stars- 
names, of which one— dhanab al-qaytus —does not relate to an original star-pointer. But there 
is one pointer without any name, so for our investigation of the astrolabe we are back to 17 
real pointers. We now order these by increasing right ascension measured from the vernal 
equinox. Those names that are clearly visible and legible on the available photo are written 
in bold font. The stars that are named are the following: 

1 [ra s al-ghul] illegible, not named by F&N, though perhaps 

this—by a considerable stretching of the 
imagination—is their al-dabaran 

2 c ayn al-thawr F&N have this twice, as well as the alterna¬ 

tive name al-dabaran 

3 [al - c ayyiiq] name illegible—F&N have al-‘awwa\ which 

may refer to this pointer 


28 See Destombes, “Chiffres coufiques”. 



THE OLDEST KNOWN ASTROLABE, FROM LATE-8 th -CENTURY BAGHDAD 


421 


4 

al-rijl 


5 

al-jabbar 


6 

al-yamaniya 


7 

al-sha 3 am[iya] 

missing last part of name 

8 

- 

unnamed minuscule pointer 

9 

qalb al-asad 

not legible, named twice by F&N 

10 

al-ramih 

this is F&N’s al-ra’i 

11 

fakka 

name not visible, named by F&N 

12 

qalb al- c aqrab 


13 

al-hawwa’ 

shaped like a bird’s head 

14 

al-ta’ir 


15 

[al-wa] qi c 

only last part of name visible, al-waqi c named 
by F&N 

16 

ridf 

name not visible beyond final fa ’, ridf named 
by F&N 

X 

dhanab al-qaytus 

no pointer 

17 

kaff al-khadib 

name not visible, named by F&N 


See 3.8-9 on the original names on the rete. 


5 The mater and plates 

The mater and three plates bear altitude circles for each 6°. There are no azimuth circles. The 
plates serve the seven climates ( iqlim al-awwal c arduhu yw, etc.), their latitudes being given 
as: 


mater 

1 

16' 

la 

2 

24 

lb 

3 

30 

2a 

4 

36 

2b 

5 

41 

3a 

6 

45 

3b 

7 

48 


There are curves for the seasonal hours below the horizon. The inscriptions are in elegant kufl 
script. There are holes at the bottom of the plates to fit onto the peg on the mater. 

6 The back 

The back has two altitude scales divided and labelled for each 5° with sub-divisions for each 
1 0 in the upper half. The concentric circles near the rim on the lower half have not been engraved 
further. But for the base diameters, the back is otherwise empty. 
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7 The alidade 

The alidade is rectilinear with a lobed design around the middle. It just reaches the inner circle 
of the degree scale and so may not be “original”. The sighting vanes have three indents along 
the top. 

3 Commentary 

1 The inscription on the throne 

As noted already (1.5), I can accept F&N’s reading of “Ahmad ibn Kamal” on the front of 
the throne and all of the implications: namely, that this cannot be the name of the maker, that 
it may be the name of an owner, and that perhaps it is the name of the person who engraved 
the star-names on the rete. 

2 The size of the astrolabe 

The diameter of the astrolabe (8.5 cm, hereafter 3) is such that the piece could only really serve 
decorative purposes. Add to that: it cannot be used at the latitude of Baghdad anyway (see 
3.14). I suspect that there were astrolabes with Greek inscriptions made in this size (8.5 cm), 
this being the smallest. Philoponos mentions that the smallest astrolabes are sextile, that is, 
they have altitude circles for each 6° of argument. However, the Brescia Byantine astrolabe 
(#2—1.1.1), which is also sextile, albeit with tertile markings between the solstitial circles, 
has a diameter of 38.0 cm. 

There is one very early Abbasid astrolabe with the same diameter, possibly of the same type 
and from the same milieu, in a private collection (see 4). And there is another (#4180— XIIIc- 
5) by al-Muhsin ibn Muhammad al-Tablb, slightly larger, with diameter 8.9 cm. Otherwise 


the earliest Eastern Islamic astrolabes are larger: 

#1026— XIIIc-1.1— Khafif 11.2 cm 

#99— XIIIc-2— Ahmad ibn Khalaf 12.9 (~ 1.5 3) 

#3501— XIIIc-3.1— Nastulus 17.3 (= 2 3) 

#1130— XIIIc-3.2— Nastulus (mater) 13.0 (- 1.5 3) 
#101— XIIIc-6 —unsigned 16.0 

#4022— XIIIc-7— unsigned 11.7 

#100— XIIIc-8.1— Hamid ibn c ATi 15.4 

#3713— XIIIc-8.2— Hamid ibn c ATi 11.0 


#111— XIIIc-9— Hamid ibn Khidr al-Khujand! 15.1 

3 The design of the throne 

The throne is of the same kind as various Islamic astrolabes from before ca. 950—see, for 
example, various illustrations in XIIIc. 

I have given my reasons above (2.5) for supposing that the rim is original, indeed, that it 
appears to be one piece with the back and throne. In passing we note that the limbus of the 
Oxford astrolabe of Khafif (#1026— XIIIc-1.1) seems be riveted to the back (one rivet is visible 
at 60°), but that the limbus of the Paris astrolabe of Ahmad ibn Khalaf appears to be one piece 
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with the back and throne. On the Kuwait astrolabe of Nastulus (#3501—XIIIc-3.1), the throne 
and rim are cast as one and to this the back is riveted in several places. 

4 The design of the rete 

The rete resembles most closely that of the 1062 Byzantine astrolabe (#2—see Figs. 5 and 
XIIIa-4.1), and, amongst Islamic pieces, those of Khafif (#1062—XIIIc-1.1 and #2529— 
XIIIc-1.2) and Ahmad ibn Khalaf (#99—XIIIc-2). It is clearly simpler and indeed cruder than 
these, suggesting an earlier provenance. 

5 The selection of stars 

The retes of the Byzantine astrolabe and various early Islamic astrolabes enable us to recognize 
that the naskhl inscriptions for three star-pointers are incorrect, at least from the point of view 
of an Abbasid astrolabe, and represent wishful thinking on the part of an Ottoman astrolabist. 
These are: 

13 al-hawwa shaped like a bird’s head 

15 [al-wa]qi c only last part of name visible, named by F&N 

16 ridf name not visible beyond final fa, ridf named by F&N 

These are stars that our Ottoman engraver chose to re-label because his designations seemed 
more reasonable. The correct names on the original rete would have been as follows. The 
justification follows below. 

13 al-waqV shaped like a bird’s head, name applied to pointer 15 

15 ridf name applied to pointer 16 

16 [mankib al-faras\ not named, pointer marked ridf, the name—meaning 

“shoulder of the horse (Pegasus)”—appears on all 
Abbasid retes 

Now David Pingree has recently published a Byzantine list of 19 stars dated 908, which 
somebody was obviously intending to use for constructing an astrolabe. 29 The coordinates given 
are confused and one can only hope that he did not actually make an astrolabe based on such 
coordinates. The Persian Sergius who made the Byzantine astrolabe of 1062 included 14 of 
these 19 stars. 

The Byzantine list enables us to identify the small, unnamed pointer next to that for Regulus. 
Again the justification follows below. The star served is: 

8 fard / al-fard / fard al- a Hydrae, various Arabic names, of which jmuq 

shuja / c unuq al-shuja / or jtnq corresponds to the Greek equivalent of “neck 
al-munir min al-shuja c of Hydra” (B8) 


29 Pingree, “Greek Astrolabe Stars”. 
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Fig. 5: The rete of the Brescia astrolabe (#2). No other Islamic astrolabe beyond the Baghdad piece (#3702) 
bears such a strong resemblance to this Byzantine model. [Courtesy of of the Museo dell’Eta Christiana, Brescia.] 


It is not clear which name would have originally been assigned to this pointer. It does not appear 
on surviving astrolabes until the unsigned piece, #101—1.2.7, which is perhaps late 10 th - 
century, where it is labelled "unuq al-shuja ", “the neck of the water-snake (Hydra)”, and #111— 
XIIIc-9, by al-Khujandl, dated 374 H [= 984/85], on which we find both the neck and the head: 
c unite/ al-shuja and ra's al-shuja . 

We can now list the 17 stars of the original rete with their numbers in the Byzantine list 
(B) and Paul Kunitzsch’s lists of Arabic and Latin astrolabe stars (A/L), 30 together with their 
modem designations. 


30 See, respectively, Kunitzsch, “Al-Sufl and the Astrolabe Stars”, pp. 158-161, and idem, Arabische 
Sternnamen in Europa, pp. 59-96. 





THE OLDEST KNOWN ASTROLABE, FROM LATE-8 th -CENTURY BAGHDAD 


425 


1 

ra's al-ghul 

B1 

A9/L14 

(3 Persei / Algol 

2 

c ayn al-thawr 

2 

24/18 

a Tauri / Aldebaran 

3 

al- c ayyuq 

3 

10/20 

a Aurigae / Capella 

4 

al-rijl 

4 

37/19 

(3 Orionis / Rigel 

5 

al-jabbar 

5 

36/22 

a Orionis / Betelgeuze 

6 

al-yamaniya 

6 

39/23 

a Canis maioris / Sirius 

7 

al-sha 3 amiya 

7 

40/25 

a Canis minoris / Procyon 

8 

\ c unuq al-shuja (?)] 

8 

42/29 

a Hydrae / Alfard 

9 

qalb al-asad 

9 

26/30 

a Leonis / Regulus 

10 

al-ramih 

12 

1/41 

a Bootis / Arcturus 

11 

fakka 

13 

2/45 

a Coronae borealis / Alfeca 

12 

qalb al- 'aqrab 

14 

30/48 

a Scorpii / Antares 

13 

al-waqi 

15 

4/53 

a Lyrae / Vega 

14 

al-tair 

16 

13/54 

a Aquilae / Altair 

15 

ridf 

17 

6/56 

a Cygni / Deneb 

16 

[mankib al-faras ] 

18 

17/62 

(3 Pegasi / Scheat 

17 

kaff al-khadlb 

(19) 

7/1 

(3 Cassiopeiae / Kaff; B19 actually 


lists a Andromedae / Alpheratz (A 15/Ll) 

In passing we note that the two stars from the Byzantine list missing from the Baghdad astrolabe 
are BIO: (3 Leonis / Denebola and Bll: a Virginis / Spica. These two are also missing from 
the Byzantine astrolabe, as are B8: a Hydrae / Alfard (pointer would be too short), B17: a 
Cygni / Deneb and B18: (3 Pegasi / Scheat. More important, perhaps, and not mentioned by 
Pingree, is the fact that Philoponus ( ca. 625) in his astrolabe treatise mentions that the rete 
should bear 17 or more stars: 31 Pingree’s list and the Byzantine astrolabe have 19 and the 
Baghdad astrolabe has 17. We can assert that the Baghdad astrolabe bears witness to the 
earliest known set of astrolabe stars. 

6 The use of the bird on the pointer for Vega 

This bird is not found on any other early Islamic astrolabe, but (for reasons that are not clear) 
it is found on the rete of the 1062 Byzantine astrolabe (#2—1.1.1) (Fig. 5). It does reappear 
on the rete of a geared astrolabe made in Isfahan in 618 Hijra [= 1223/24] by Muhammad ibn 
Abl Bakr al-Rashidl al-Ibarl (#5—1.4.6a) (see Fig. XVII-1.4), 32 on a zoomorphic rete of an 
astrolabe by c Abd al-Karlm al-Misrl (#104—1.5.6b) (see Fig. XVII-1.7), 33 as well as on a 


31 Gunther, Astrolabes, I, p. 71, also recorded in Neugebauer, “Early History of the Astrolabe”, p. 249, and 
Stautz, “Die friiheste Formgebung der Astrolabien”, p. 318. 

32 Gunther, Astrolabes, I, pp. 118-120 (no. 5). 

33 Ibid., I, pp. 236-237 (no. 104). 
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Catalan astrolabe from ca. 1300 (#162) (see Fig. XVII-3.1). 34 

In XVII I have argued that the quatrefoil, which appears on the magnificent astrolabe of 
al-Khujandl (#111—XIIIc-9), constructed in Baghdad in 374 Hijra [= 984/85], 35 on an unsigned 
rete made in Isfahan ca. 1100 (#3—XIIIc-Al), 36 on the geared astrolabe from Isfahan (#5— 
see Fig. XVII-1.4), and on a series of later Eastern Islamic pieces, as well as on the same 
Catalan astrolabe (#162) from ca. 1300, is also probably a design that was found on some 
Byzantine astrolabes that became available to Muslim craftsmen. 37 

7 The positions of the star-pointers 

Burkhard Stautz has established that the positions of the stars correspond to the actual positions 
of the stars ca. 500. This apparent anomaly can be explained by the fact that they were surely 
calculated for ca. 700 using the Ptolemaic coordinates (for ca. 125) adjusted for the motion 
of precession using the Ptolemaic parameter, 1° per 100 years, which is too small. 38 A better 
value for precession derived in Baghdad in the 9 th century was 1° per 66 2 / 3 years; still better 
was the value derived by Ibn Yunus in Cairo ca. 990, namely, 1° per 70V 4 years. 39 

8 The names of the stars 

If this was indeed an 8 th -century astrolabe with original Arabic inscriptions and star-names that 
inspired Ahmad ibn Kamal or somebody else to re-engrave the star-names in naskhi, then the 
question arises: how did the original maker know the names of the stars? Most of them are, 
in fact, pre-Islamic Arabic names, 40 as, for example: 

al- c ayyuq — (al-shira) al-yamaniya — (al-shira) al-sha’amiya — (al-simak) al-ramih — 
al-fakka — (al-nasr) al-waqi — (al-nasr) al-tair — ridf—kaff al-khadlb 
However, a few relate to the Greek constellation figures: 

c avn (eye) of al -thawr (Taurus)— al-jabbar (for Orion)— qalb (heart) of al-asad (Leo) 
—qalb of al-^aqrab (Scorpio)— [mankib] (shoulder) of [al-faras] (Pegasus) 

The name for Orion merits special attention (see 3.9), and of the three zoomorphic signs, all 
bear Arabic names corresponding to the Greek constellations (Taurus, Leo, Scorpio), but these 
are names from the indigenous Arabic tradition of the zodiac. 41 Likewise, al-faras (horse) for 


34 Gunther, Astrolabes, II, pp. 306-309 (no. 162), and the more detailed discussion in King & Maier, “London 
Catalan Astrolabe”, especially pp. 682-683. 

35 Described in King, “Kuwait Astrolabes”, pp. 80, 82-89; see now XIIIc-3.1. 

36 This is a replacement rete on the astrolabe made in 374 Hijra [= 984/5] by Ahmad and Muhammad, sons 
of Ibrahim al-Isfahanl (#3—1.2.11), illustrated in Gunther, Astrolabes, I, pp. 114- i 16 (no. 3). It can be dated 
ca. 1100 by virtue of the star-positions, and it has a quatrefoil in the Khujandl tradition. See now XIIIc-10. 

37 King, The Ciphers of the Monks, pp. 380-390. 

38 See n. 23. 

39 See the article “Mintaka” [= ecliptic] by Paul Kunitzsch in EI 2 , and King & Samso, “Islamic Astronomical 
Handbooks and Tables”, pp. 37-38. 

40 On these see Kunitzsch, Sternnomenklatur, nos. 47, 289b, 290b, 270, 85, 195a, 194a, 248, 136a-c, 
respectively. 

41 On the names of the signs in Arabic see ibid., pp. 21-25, and more recently, the same author’s article 
“Mintakat al-burudj” [= ecliptic and zodiac] in EI r 
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what was Pegasus to the Greeks is indigenous Arabic. 42 In short, it does not seem unreasonable 
to suppose that all of these names were current at least in Harran at a time even before the 
first Arabic translation of the Almagest. 

Of course we cannot be certain that Ahmad ibn Kamal re-engraved precisely the same names 
as he found on the rete. He may, for example, have preferred c ayn al-thawr to the original Arabic 
al-dabaran, found on other early Abbasid astrolabes (see XIIIc). Certainly, he has added the 
name dhanab (tail) of al-qaytus (Cetus), for this would not have been on the original astrolabe 
because there is no pointer for it. 

9 The name of Orion 

The use of the term al-jabbar for the Greek constellation of Orion is significant. Paul Kunitzsch, 
the leading authority on star-names, has written that al-jabbar, “the giant”, appears only in 
or after (“ erscheint nur in bzw. seifj the time of the Arabic translations of Ptolemy’s 
Almagest f which occurred perhaps first ca. 800 (not extant) and then ca. 825 (extant). The 
Arab / Arabic name for this constellation was al-jawza, “the twins”. Perhaps Kunitzsch’s 
statement needs to be modified, for maybe the first Muslim to investigate a Greek astrolabe, 
long before any Almagest translations were undertaken, posed the question: “Who was Orion?”, 
and received a reply to the effect that “he was a big guy”. In the translation of al-Hajjaj (827/ 
8) the text translates “constellation of al-jabbar, which is al-jawza ”, whereas the later version 
of Ishaq ibn Hunayn (ca. 885) translates: “constellation of Orion, which is al-jabbar, also 
known as al-jawza ”. 44 

On other known early Islamic astrolabes al-jabbar is attested only on the Paris astrolabe of 
Ahmad ibn Khalaf ca. 925 (#99—XIIIc-2), which could derive from an Arabic Almagest 
designation. 45 On other Islamic astrolabes in general term al-jabbar is found only, but most 
appropriately, on the universal plate on the back of a highly decorative astrolabe by al-Sahl 
al-Nisaburi (#137—XIVb-2), datable between 1180 and 1280, and now in Nuremberg. This 
piece, beautifully decorated with circus figures, is not without its problems, in that the star- 
positions on the rete and on the universal grid on the back are for epoch ca. 500, or rather 
ca. 750, using Ptolemaic star-positions and precession. 46 In passing, we note that the Baghdad 
and Nuremberg instruments are the only known Islamic astrolabes with this curious feature. 
It is, of course, easier to explain on an 8 th -century astrolabe than on one from the 12 th or 13 th 
century. 


42 See Kunitzsch, Sternnomenklatur, no. 89 (al-faras al-kamil / al-tamm). 

43 Kunitzsch, Sternnomenklatur, pp. 73 (no. 140) and 105 (no. 266). The Arabic jabbar was perhaps inspired 
by the Syriac gabbara : see Paul Kunitzsch in the EI 2 article “Mintakat al-burudj”, esp. p. 83a. 

44 Kunitzsch, Sternkatalog des Almagest, I, pp. 226 and 126 and 130b (al-Hajjaj), and 227 and 127 and 131 
(Ishaq). 

45 See also Kunitzsch, Arabische Sternnamen in Europa, pp. 60 and 72 (ad no. 22). 

46 King, “Nuremberg Astrolabes”, II, pp. 570-574 (no. 1.71); and Stautz, Mathematisch-astronomische 
Darstellungen auf mittelalterlichen Instrumenten, pp. 66-67 (no. SA1) and 205-207. See now XIVb-2. 
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10 The simplicity of the marking on the plates 

There are only altitude circles and curves for the seasonal hours on the plates. The fact that 
there are no azimuth circles is significant, for these appear to have been introduced only in 
the middle of the first half of the 9 th century. 47 

11 The use of the climates on the plates 

The seven climates of Antiquity are defined in terms of the length of longest daylight. At the 
middles of the climates, the longest day is 13 hours, 13V 2 , 14, ... , 16, and at the beginnings 
of the climates 12 3 / 4 , 137 4 , etc., so that at the end of the 7 th it is 16'/ 4 hours (see Fig. XVI- 
2.1). The importance of the climates in the history of medieval instrumentation has only recently 
been recognized. 48 We note that this is the only surviving early Eastern Islamic astrolabe with 
plates for the seven climates. In passing, it should be recalled that the earliest Greek astrolabes 
had this feature, although the 1062 Byzantine astrolabe has plates for three specific latitudes 
(of which all three are actually for two climates), and that the earliest known Western Islamic 
astrolabe (#4024—1.3.1—see Figs. XIIIa-9.2a-b), illustrated in an 11 “'-century Latin manu¬ 
script, has this feature, 49 as do some of the earliest European astrolabes (#161—6.1.2). We note 
also the astrolabe with inlaid silver decoration mentioned in the 1001 Nights is said to be fitted 
with seven plates; these are probably to be interpreted as seven surfaces (three plates and the 
mater) for the climates. 50 However, although we have several examples of astrolabes with silver 
inlay from Mamluk Egypt, where the tales were compiled, no medieval Egyptian astrolabes 
are known to have plates for the climates. 

As I have shown elsewhere, most Muslim instrument-makers from the 9 th century onwards 
achieved a kind of compromise between remaining loyal to the climates of Antiquity and hence 
attaining a kind of “universality” and ensuring that their instruments were equipped for certain 
specific latitudes of particular personal interest. 51 Thus, for example, on the Oxford astrolabe 
of Khaflf (#1026— XIIIc-1.1) we find plates serving latitudes 33°, 34°, 35° and 36°, serving 
the whole region of al-Traq, and on the Paris astrolabe of Ahmad ibn Khalaf (#99— XIIIc- 
2) plates for 21° (Mecca), 24°, 29;55° (Misr, that is, Fustat), 31°, 34°, 36°, 37° (Harran), and 
39°, on the Kuwait astrolabe of Nastulus (#3501— XIIIc-3.1) a single plate for 33° and 36°, 
and on the Kuwait astrolabe of al-Khujandl (#111— XIIIc-9) plates for 21°, 24°, 27°, 30°, 33°, 
36° 39° and 42°. See further XVI. And see also 3.17 for information on astrolabes that look 
like our Baghdad piece, but were actually made centuries later, this being reflected in the fact 
that they have plates for specific latitudes. 


47 Somewhere in an early text I have read words to the effect that it was al-Khwarizml who was the first 
person to mark the azimuth curves on an astrolabe (kana awwal man sammata ‘l-asturlab), but I forgot where. 

48 See King, “Geography of Astrolabes”, especially pp. 6-9, now in XVI-2-3. 

49 Kunitzsch, “10 ,h -Century AndalusI Astrolabe”. 

50 See Maddison, “The Barber’s Astrolabe”. 

51 King, “Geography of Astrolabes”, now in XVI. 
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12 The latitudes of the plates 

Since the length of daylight depends on the obliquity of the ecliptic, the latitudes of the climates, 
defined in terms of the lengths of maximum daylight, change slowly over time (see the table 
in XVI-2). 52 The latitudes given for the climates on the plates of the Baghdad astrolabe are 
correct (to the nearest degree) only for the Ptolemaic obliquity. Although better values were 
derived in the 9 th and 10 th centuries, Muslim instrument-makers remained faithful to Ptolemy’s 
value until the 16 th century. 

13 The inscriptions on the plates 

Even though F&N made a mess of copying the star-names, I would assume that they reproduced 
the inscriptions on the mater and plates correctly for the essential part is repeated seven times. 
Therefore I find it surprising that an Abbasid astrolabist would have written iqllm al-awwal 
... , etc., rather than the correct al-iqllm al-awwal ... . 53 This would be more typical of an Iranian 
or Turkish engraver, but the inscriptions here are in kufl. 

14 Where was the astrolabe made? 

One might think that this astrolabe might have been made in Baghdad, where, it appears, al- 
Fazarl and his contemporary Ya'qub ibn Tariq were active in the late 8 th century. (Baghdad 
was founded in 762.) But before we accept such a provenance, we should consider the fact 
that the astrolabe does not serve the latitude of Baghdad. That latitude is 33°20', and already 
in Abbasid texts from the early 9 th century, we find values of 33°, 33;9° and 33;25 0 . 54 In fact, 
though, Baghdad lies roughly on the boundary between the third and fourth climates. So the 
astrolabe could not, in fact, be used there. In some medieval Arabic treatises on the use of 
the astrolabe we read that if one is working in a locality that is not served by the plates of 
an astrolabe, one can interpolate appropriately between results using two plates successively, 
one for a higher latitude and the other for a lower latitude, but what is intended here is a degree 
or two of latitude difference, not half a climate (which would be about three degrees) on each 
side. 

This presents us with a problem, for which one solution would be to suppose that the astrolabe 
was made in Harran. This city is at latitude 36°51'; Ptolemy had 36; 10°, al-Khwarizml 36;40° 
and 37;0°, the astrolabists Ahmad ibn Khalaf and Nastulus 37;0° and 35;0°, respectively, and 
al-Battanl, who actually hailed from Harran, had 36;40°. 55 In any case, Harran is indeed near 
the middle of the 4 th climate. 56 


52 For a table by al-Blrunl, based on obliquity 23;35° and with several corrupt values, see al-Blrunl, Astrology, 
p. 138. See also Dallal, “Al-Blrunl on the Climates”, pp. 12-18. 

53 Compare Kunitzsch, “10 ,h -Century AndalusI Astrolabe”, pp. 116-117, where the inscriptions are written 
properly. 

54 On early values for the latitude of Baghdad see Kennedy & Kennedy, Islamic Geographical Coordinates, 
pp. 55-56; King, “al-Khwarizml”, p. 2; idem, “Earliest Muslim Geodetic Measurements”, pp. 226-227; and idem, 
“An Arabic Treatise on the Quadrans Vetus ”, pp. 238 and 250, now in XIIa-A, comm, to ch. 10. 

55 Kennedy & Kennedy, Islamic Geographical Coordinates, pp. 134-135. For the values of Ahmad ibn Khalaf 
and Nastulus see XIIIb-2 and 3. 

56 It may be that the early Abbasid value 33;9° was actually calculated for the boundary of the climates using 
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But there is another solution, which would allow us indeed to accept Baghdad as the 
provenance: the astrolabe was copied in the Greek tradition, and the purpose of the seven plates 
for the climates was to make the astrolabe universal. Therefore, in theory , it does work for 
Baghdad and, for that matter, anywhere else within the seven climates of the Ptolemaic world. 

There is also a more advanced kind of astrolabe that was developed in Baghdad in the 9 th 
century, with a rete on which the northern and southern parts of the ecliptic are made 
symmetrical to each other and then combined as a single circular arc. In XHId I have 
investigated a very unusual Italian astrolabe (#169) from ca. 1300 with a diameter of a mere 
5.9 cm that is the sole surviving medieval example of this tradition. This piece has a single 
set of astrolabic markings for latitude 24°, that is, the 2 nd climate, and no other markings were 
included originally, because those for latitude 24° are on the mater and there is no room for 
any plates. I have argued that this tiny Italian astrolabe was copied from or at least inspired 
by an Islamic astrolabe of the same very unusual (and highly sophisticated) kind, which would 
have had a plate for each of the seven climates. I also suggested that the proto-type to this 
ingenious instrument was developed in Baghdad, for it is there that we encounter the earliest 
textual information on this astrolabe-type. 

But there is another point worth mentioning: in two of the most important treatises on 
instrument construction from the Islamic Middle Ages, there are illustrations and even tables 
for the latitude of 36° and no other latitude. I refer to the treatise on astrolabe construction 
by al-Blrum, apparently compiled in Gurganj in Central Asia ca. 1000 57 and the treatise on 
over 100 kinds of instruments by Najm al-Dln al-Misrl, compiled in Cairo, ca. 1325. 58 Now 
the latitude of Gurganj is 42° 18', and the latitude of Cairo is 30°3' and already Ibn Yunus in 
the late 10 th century measured it as 30;0°. So why on earth should al-Blrunl, working in Gurganj, 
and Najm al-Dln, working in Cairo, both present “worked examples” for latitude 36°? The 
answer is surely related to the fact that the middle of the 4 th climate, taken as 36°, corresponds 
to the “middle” of the inhabited earth, 59 but no less to the fact that worked examples in 
Ptolemy’s Planisphaerium and Almagest, as well as the astrolabe treatises of Theon {ca. 325) 
and Sebokht {ca. 650), is also 36°, presumably originally intended for Rhodes, happily at the 
middle of the 4 th climate. 60 

For these reasons, I am inclined to think that this astrolabe may well have been made in 
Baghdad, even if it cannot be conveniently used there. 


the Indian value for the obliquity. See King & Maier, “London Catalan Astrolabe”, pp. 692-693, for a 
reconstruction of a medieval value of the latitude of Valencia by the same technique. 

57 In the published version of al-Blrunl’s introduction to astronomy and astrology, also compiled in Gurganj, 
an astrolabe plate is illustrated for latitude 30°, rather than 36°: see al-Biruni, Astrology, facing the page numbered 
195b. 

58 Charette, Mamluk Instrumentation, pp. 28-31. 

59 Charette {ibid.) is more cautious: after pointing out that nothing precludes Najm al-Dln from having visited 
Aleppo or to have been commissioned to compose his treatise for someone in that city, he writes “another 
possibility would be that he chose the latitude of 36° as a purely didactical example for the fourth climate, but 
1 do not consider this to be very likely.” 

60 Neugebauer, “Origin of the Astrolabe”, pp. 242, 247-248, and 250. 
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15 The limited markings on the back 

The only markings on the back are two altitude scales. This is also the case with the Brescia 
Byzantine astrolabe (on which the quadruple shadow-box is a later addition), 61 and the Kuwait 
astrolabe of Nastulus (#3501— XIIIc-3.1). The Paris astrolabe of Ahmad ibn Khalaf (#99— 
XIIIc-2) has a shadow-scale on the lower right rim. The markings in excess of these on the 
back of the Oxford astrolabe of Khaflf (#1026— XIIIc-1.1) are later additions by the Armenian 
who also made other changes to the instrument. 62 The development of different kinds of 
shadow-scales, universal horary quadrants, latitude-specific quadrants, trigonometric quad¬ 
rants, and astrological tables, took place in the 9 th century, as we know from texts, and as we 
find on some other 9 th - and 10 th -century instruments. 63 

16 The later modifications to the astrolabe 

There are three possibilities we should mention, if only to dismiss the first two: 

(1) Ahmad ibn Kamal made the rete himself to fit an old mater and three plates. This is not 
to be taken seriously, because we have several Ottoman examples of new up-to-date retes 
being added in Ottoman times for existing astrolabes. 64 Ahmad ibn Kamal would have 
needed to have copied this rete from an existing one that was in a state of collapse. 

(2) Ahmad ibn Kamal came across a complete astrolabe whose rete bore no inscriptions. These 
he added in naskhl script. We can dismiss this outright because of the name al-jabbar. 

(3) Ahmad ibn Kamal came across a complete astrolabe and removed the original kufl 
inscriptions from the rete, replacing them with his own naskhl inscriptions. I deem this 
to be the most likely scenario, although when inscriptions are removed in this way there 
are usually traces, 65 and here there appear to be none. 

We have already noted that Ahmad ibn Kamal marked three pointers with the “wrong” names, 
choosing names more appropriate for his time. 

He also felt the need to insert a name on the blunt end of the circumferential frame opposite 
qalb al- c aqrab; Ottoman instruments featured dhanab al-qaytus on a pointer based in this 
vicinity but with a star-position quite close to the equatorial bar. 66 

He re-engraved the names of the zodiacal signs on the ring for the ecliptic using the standard 
Arabic forms. Most early Islamic retes (for example, those of Khaflf, Ahmad ibn Khalaf and 
Nastulus) bear the name al-samaka, “the fish”, for Pisces, rather that the indigenous Arabic 
term al-hut, “the large fish”, 67 which regained precedence and was, inevitably, used by the 
person who engraved the star-names in naskhl (perhaps, Ahmad ibn Kamal). 


61 See n. 9 above. 

62 The back is illustrated in Mayer, Islamic Astrolabists, pi. I. 

63 On early developments to the standard astrolabe see now XHIa. 

64 For just one example, an early-14 ,h -century ‘Iraqi astrolabe (#3534) with an Ottoman Turkish replacement 
rete from ca. 1700 (#3533), see Paris IMA Astrolabe Catalogue, pp. 86-88 (no. 4). 

65 See the oldest preserved Western Islamic astrolabe, #110=#135—1.3.2, illustrated in Gunther, Astrolabes, 
II, pp. 244-245 (no. 110) and 280 (no. 135), and now Fig. XIIIa-1.2. The medieval Italian who started to remove 
the Arabic names of the zodiacal signs to replace them with ones in vernacular Latin soon gave up. 

66 As on the rete mentioned in n. 64. 

67 See Paul Kunitzsch in the EI 2 article “Mintakat al-burudj”. 
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17 Could the astrolabe not date from a later period? 

I know that various colleagues and friends, such as Paul Kunitzsch and Anthony Turner, will 
pose the question: “Could the astrolabe not be a much later production?”. To answer this 
question and counter its implications I cite two instruments: 

1) The Kuwait astrolabe of Nastulus (#3501— XIIIc-3.1), dated 315 Hijra [= 927/8], which 
looks like a larger version of the Baghdad astrolabe. The scale of the limbus, the kufl 
engraving, the rete, the engraving on the plates, all this is very similar to the Baghdad 
astrolabe. So what is different? There is a single plate for latitudes 33° (Baghdad) and 
36° (4 th climate), not a set for the seven climates, and there is nothing beyond a single 
altitude scale on the back. But I hasten to mention that the astrolabe was already long out- 
of-date when it was made. One only has to compare this piece with the astrolabe of al- 
Khujandl (#111— XIIIc-9), constructed roughly 50 years thereafter, to realize that 
Nastulus was playing a very traditional game here. 

2) The front of an astrolabe made by Muhammad ibn Hamid ibn Mahmud in Isfahan in the 
year 571 Hijra [= 1175/6] (#4199— XIIIc-Bl), which is also virtually identical with the 
Baghdad astrolabe. 68 The scale of the limbus, the kufl engraving, the rete, the engraving 
on the plates, all this is very similar to the Baghdad astrolabe. The diameter is only 8.9 
cm. So what is different? The two-fold answer is quite simple: first, the plates are for the 
latitudes 30°, 32°, 34° and 36°, not for the seven climates, and second, the back has, in 
addition to a trigonometric quadrant, a solar quadrant with graphical representations of 
the solar altitude at the times of the midday and mid-afternoon prayers for the latitude 
32°, that is, Isfahan. 

There are several more examples one could cite, but with these considerations I hope to have 
convinced even the most sceptical of my colleagues. 

4 Another early Abbasid astrolabe of the same kind 

There is actually another such piece that I have seen in a private collection (#4020—1.2.14): 
it is badly corroded, so badly that the rete has fragmented and disappeared and all that remains 
of the alidade is a “shadow” across the back. But two features are without question: first, the 
diameter is about 8.5 cm, so it is the same size as our Baghdad astrolabe; and second, one 
can just see the ligature lam-waw on the only visible plate (but no other markings). This stands, 
significantly, for latitude 36°. There is alas nothing more to say about this piece, except to 
bemoan its fate, and to predict that any attempt to separate the plates will reduce the whole 
lump to dust. 


68 See Kuwait Catalogue, pp. 89-91, also 92. 
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5 Concluding remarks 

This tiny unimposing astrolabe from a neglected collection turns out to be an artefact of 
monumental cultural significance, serving as a kind of symbol of the way in which Muslims 
came to terms with Greek science. The simple design of this very basic astrolabe was not 
enough for Muslim astronomers, who, within a few decades, made substantial developments 
to the astrolabe and decorated it to make of it a scientific work of art. 

The wretched photos of the Baghdad astrolabe that I have presented here, the same that were 
published by Faransls and Naqshabandl, were sent to me by the Baghdad Museum in 1990. 
In that same year, curators from that museum were involved, not necessarily of their own 
volition, in the looting of the Museum of Islamic Art in Kuwait, sorting the original pieces 
for transport to Baghdad from the copies that were thrown on the floor of the museum, which 
was then burned to the ground. Fortunately, the astrolabes were on loan to an exhibition in 
the U.S. at the time. The astrolabes stolen by Iraqi troops from private collections in Kuwait 
have still not been recovered. Little did Saddam Hussein, who gave all the orders then, realize 
that the cultural heritage of Mesopotamia would suffer a like fate but on a far greater scale 
in 2003. 

In any case, these happenings are enough to make various people from over a millennium 
who merit only our gratitude—the anonymous Abbasid craftsman who made this astrolabe; 
Ahmad ibn Kamal, who modified it; c Abd al-Hallm al-Hafatl, the astronomer who acquired 
it for his private collection, and his son Ahsan al-Dln, who donated it to the Museum; as well 
as Bashir Faransls, a Christian, and Nasir al-Naqshabandl, a Sunni Muslim, the scholars who 
described it to the best of their ability—turn over in their graves. 


APPENDIX: OTHER INSTRUMENTS BELONGING TO 
THE ARCHAEOLOGICAL MUSEUM, BAGHDAD 

There follows a list of the astrolabes listed by F&N after the first, which is that of Ahmad 
ibn Kamal. The first two (2-3) are from Safavid Isfahan, 1 and the next two (4-5) are from 
Moghul Lahore (to which L. A. Mayer had a curious aversion, for he listed not a single one 
of the prolific astrolabists from that milieu). The fronts and backs of these four pieces are 
illustrated in Figs. Al-2. The provenance of the next (6) is Iran, and of the last (7) uncertain. 
The International Instrument Checklist numbers come from Price et al., Astrolabe Checklist, 
p. 85 ( sub BAM). The reader should be aware that there are dozens of astrolabes that survive 
from Safavid Iran and from Moghul Lahore. They have never been studied as a group: a few 
detailed descriptions of individual instruments are available. 2 The instruments listed here (at 
least 2-5) would not be likely to contribute much to our knowledge of late Islamic 
instrumentation beyond a few art-historical considerations, although, under optimal circum¬ 
stances (that is, if they did not belong to a museum and if they were not identified as stolen), 
each of them could fetch €10-20,000 on the market. 

(2) An astrolabe by Muhammad Khalil ibn Hasan ‘All Isfahanl (name misread as Hasan 
ibn c All), supposedly dated 1020 Hijra [= 1611/12] although his other pieces are dated between 
1093 and 1119 H [= 1682-1708] so the date must be off by a lunar century, plain throne, 5 
plates, gazetteer, diameter 11.8 cm, Museum inventory no. 9722, International Instrument 
Checklist #3715, F&N, pp. 13-19; mentioned in Mayer, Islamic Astrolabists, supp., p. 295. 

(3) Another astrolabe by Muhammad Khalil, also supposedly dated 1020 H [= 1611/12] 
(see 2 above), ornate throne, 5 plates, gazetteer, diam. 16.4 cm, inv. no. 9719, IIC #3716; F&N, 
pp. 19-25, mentioned in Mayer, Islamic Astrolabists, supp., p. 295. 

(4) An undated astrolabe by Qa’im Muhammad and Muhammad Muqlm, sons of Mulla 
Tsa ibn Allah-dad of Lahore, plain throne, 5 plates, gazetteer, diam. 12 cm, inv. no. 9727, IIC 
#3821, F&N, pp. 25-28. 

(5) An astrolabe by QaTm B-h-r-y (?) ibn Tsa ibn Allah-dad of Lahore, dated 1041 H [= 
1631/32], plain throne, 7 plates, gazetteer, inv. no. 9720, diam. 12 cm, IIC #3820, F&N, pp. 
28-32. The name of the maker is new to the literature, and probably results from a misreading. 

(6) A mater and rete, unsigned, dated to the 10 th /16 th century, gazetteer on mater without 
Indian cities (hence Iranian), diam. 9.5 cm, inv. no. 3685, F&N, p. 32. 

(7) A complete astrolabe, unsigned, undated, 2 plates for 30°/36° and 33°/34°, described 
as “badly made”, diam. 13.5 cm, inv. no. 741, F&N, p. 32. 


1 On these schools see most recently King, Mecca-Centred World-Maps, pp. 262-274, and Sarma, “Lahore 
Astrolabists”. 

2 The best are Morley, “Astrolabe of Shah Husayn” (1865), and Frank & Meyerhof, “Mogulisches Astrolab” 
(1925). 
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Fig. A4: The compass and inside of the cover of a 
qibla-box. [Photo originally from the Archaeological 
Museum, Baghdad.] 

Fig. A3: The astrolabic markings on a quadrant made 
by c All for latitude 35°. [Photo originally from the 
Archaeological Museum, Baghdad.] 


V.A 



Fig. A5: Three more instruments from Baghdad. The European dial on the left bears inscriptions in Russian, 
and one can read the latitudes of Moscow (55°15 f ), St. Petersburg (59°56 f ), Riga (56°51'), and Poltava in the 
Ukraine (49°55'). The Islamic globe in the middle (inv. no. 9718) has no great merit. No inscriptions are visible 
on the other European dial on the right. [Photo originally from the Archaeological Museum, Baghdad.] 
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Three additional photos of Baghdad instruments were given to me in 2000 by Dr. Sonja 
Brentjes from the collection of her father, Professor Burehard Brentjes. One of these is a typical 
Ottoman astrolabic quadrant made of wood. The inv. no. is 9727, and the axial radii are 23.8 
and 22.0 cm., and only a photo of the front is available to me: see Fig. A3. The maker identifies 
himself simply as c All, and the latitude underlying the astrolabic markings is 35°, probably 
intended for somewhere in N. Iraq. All of the usual markings for the prayers and festivals are 
present (see XIVb-10). Then there is a qibla compass typical of late Iranian devices of this 
kind: see Fig. A4. The inv. no. is 9717 and the radius is 8.2 cm. Slightly unusual are the 
instructions in Persianized Arabic enclosed in four concentric annular extended quatrefoil 
cartouches (see XV-3.26) on the inner base of the compass. The needle is still intact. 

Fig. A5 shows three more Baghdad instruments. 



Part XIIIc 

The earliest astrolabes 
from Iraq and Iran 
(ca. 850 to ca. 1100) 
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Almerico da Schio, Eduardo Saavedra, 

Lewis Evans and Robert T. Gunther, 

Marcel Destombes, and Leo Ary Mayer 




DEDICATION, 

ACKNOWLEDGEMENTS AND NOTES TO THIS VERSION 


This study is dedicated to the memory of all those scholars of the 19 th and early 20 th century 
who by their enthusiasm for astronomical instruments and by their diligent studies paved the 
way for the present work. An account of their contributions is presented in Ob below. 

The following descriptions were taken from my unpublished catalogue of medieval Islamic 
and European instruments to ca. 1550 (see XVIII). 

The first version of the descriptions of the Kuwait Nastulus astrolabe (3.1) and the al- 
Khujandl astrolabe in a private Kuwaiti collection (9) was published as “Early Islamic 
Astronomical Instruments in Kuwaiti Collections”, in Kuwait: Art and Architecture — Collec¬ 
tion of Essays, Arlene Fullerton & Geza Fehervari, eds., Kuwait (no publisher stated), 1995, 
pp. 76-96. In that I presented a series of instruments that were preserved either in the Dar al- 
Athar al-Islamiyya in Kuwait, which had recently been ransacked by Iraqi troops, or in the 
once splendid private collection of Shaykh Jasim al-Homeizi, who had fled Kuwait and lost 
all but one pieces—fortunately the astrolabe of al-Khujandl described here—from his 
collection. In the present version, I have relegated two of the Kuwaiti pieces to an appendix, 
rather than dump them because they are not from 10 th -century al-Traq. 

I have not finished with these astrolabes yet. I would like first to see how my descriptions 
are received and reviewed by colleagues, and then, perhaps, publish these again together with 
descriptions of all other Islamic pieces, Eastern and Western, up to, say, the end of the 13 th 
or the 14 th century. 



Fig. 1: This little “Smiley” is part of the decoration on the magnificent astrolabe of the astronomer al-Khujandl 
made in Baghdad in the year 984/85 and described in 9 below. With tens of thousands of Iraqis killed in the course 
of the 2003 invasion and subsequent occupation, there has been little to smile about in Iraq of late. [Photo by the 
author, courtesy of the owner.] 
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Oa Introductory remarks 

“(The astrolabe) was perfected by Arabic and Persian scholars.” Harold N. Saunders, All 

the Astrolabes (1984), p. 2a. 

“Dire que T astrolabe fut ‘perfectionne par les erudits arabes et perses’ est pretentieux dans le 
mesure ou nous ne savons pas sous quelle forme l’instrument leur fut transmis, alors que 
l’instrument decrit en syriaque par Severus Sebokht est juste aussi perfectionne que les plus 
anciens instruments musulmans survivant au 10 e siecle.” Anthony J. Turner, “Review of 
Saunders, All the Astrolabes ”, (1990), p. 357. 

The making of astrolabes was centred in Baghdad in the 9 th century but during the 10 th century 
spread to such centres as Rayy and Isfahan, as well as to al-Andalus. My purpose here is to 
present descriptions of all such instruments from Baghdad, Rayy and Isfahan up to the end 
of the 10 th century. Since not a single Eastern Islamic astrolabe survives from the 11 th century 
(!), I include one that was made in Isfahan in 1102/03, but refrain from discussing the next 
batch that includes instruments made in Baghdad and Isfahan in the 12 th and 13 th centuries. 
I have referred already to two Andalusl instruments from the 10 th century (X-4 and Xllla- 
1), but shall resist the temptation to present the dozen or so Andalus! astrolabes from the 11 th 
century. In passing, we note that not a single Western Islamic astrolabe is known from the 
12 th century, that is, until the various pieces by the two prolific instrument-makers Abu Bakr 
ibn Yusuf in Marrakesh and Muhammad ibn Fattuh al-Khama’in in Seville. 

We can be grateful that a dozen or so Eastern Islamic astrolabes have survived from before 
ca. 1100. However, all of these are standard astrolabes. Far more interesting from a scientific 
point of view, and far more revealing of the brilliance of the scientific activity of this period 
would be the non-standard astrolabes that we know were also invented and actually made. 
These included astrolabes with mixed north-south projections, the remarkable “melon” 
astrolabe, the astrolabe fitted with an equatorium, plates for computing solar and lunar eclipses 
and predicting lunar crescent visibility. For a glimpse of what we are missing, we must in most 
cases turn to the texts, although occasionally we can trace these developments in derivative 
medieval European instruments (see, for a good example, XHId). 

The following descriptions show how much can be gained from close inspection of the 
instruments. I have not discussed technological aspects of the instruments, for this is beyond 
my competence. Yet we can learn from the surviving pieces about the form in which the 
astrolabe was transmitted to the Muslims in the 8 th century and we can witness some of the 
additions, both technical and decorative, that were made already in the late 9 th and 10 th centuries. 
The study of instruments takes us into the realm of mathematical geography, often with 
surprising rewards. The dedications can be revealing if one can identify the recipient. The 
instruments can teach us a great deal about decorative art. The quatrefoil on various early 
Islamic astrolabes such as that of al-Khujandl, which later appear on early European astrolabes, 
is just one case in point. The forms of the star-pointers and various frames on the rete, the 
decoration of the thrones, the calligraphy of the inscriptions, all these are useful in establishing 
provenance and dating if doubtful. But, finally, the instruments constitute material for a new 
chapter in the history of Islamic science. Only in the past 25 years have the most remarkable 
Islamic instruments—the astrolabe of al-Khujandl, the astrolabic zlj of Hibatallah, the universal 
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astrolabe of Ibn al-Sarraj, the sundial of Ibn al-Shatir, and the Isfahan world-maps—been 
studied for the first time. They each represent the culmination of scientific activity that knew 
no rival anywhere in the world at the time, and whose history is still being written. 

Ob The historiography of the earliest Eastern Islamic astrolabes 

Of course, what we would really like to know, but never can, is where these instruments were 
made, by whom they were used, and where they were until they resurfaced, mainly, but not 
entirely, in European collections. Nevertheless, it is not without interest to see how these early 
Islamic instruments became known to modem scholarship. Their discovery is best traced by 
searching through the articles from the 19 th and early 20 th centuries reprinted in the six volumes 
Arabische Instrumente in orientalistischen Studien (1990) by Fuat Sezgin and his staff in 
Frankfurt. The following account gives a somewhat distorted view of the European rediscovery 
of Islamic astronomical instruments in general, 1 since it is restricted to those Eastern Islamic 
astrolabes before ca. 1100. The reader should bear in mind that Western Islamic astrolabes 
were being rediscovered at the same time, some by other scholars than those mentioned below. 

In 1844 the French orientalist Louis-Amelie Sedillot (fils ) published a description of 2 (#99), 
the astrolabe by Ahmad ibn Khalaf in the then Bibliotheque royale in Paris. 2 Somehow, the 
Italian scholar Almerico da Schio (see below), was misrepresented by Gunther (see below) as 
having stated that this piece was actually from the 12 th or 13 th century. 3 

In 1848 the Italian scholar Vincenzo Mortillaro published an article featuring 8.1 (#100), 
the solitary mater of Hamid ibn c All. He recorded all of the inscriptions and fortunately 
presented lithographs of the front and back. 4 Since the piece has been stolen from the Museo 
Nazionale in Palermo, which had later been entrusted with it, Mortillaro’s illustrations are of 
prime importance to us. It is a complicated piece that still defies proper interpretation. In 1880 
da Schio, questioning the early date of the name in the dedication, pronounced that the Palermo 
piece was actually to be dated to the 12 th or 13 th century; 5 this was unfortunately accepted by 
Gunther (see below) on da Schio’s “competent authority”. 6 

In 1865 the German orientalist Bernard Dorn, based in St. Petersburg, published the most 


1 I hope that nobody will consider doing this before the publication of Brieux & Maddison, Repertoire. Even 
then, there are more important tasks for the field. The lesson to be learned here is that one should proceed with 
utmost caution, and that pronouncements by self-styled experts with little or no experience with instruments 
should be taken with a grain of salt. 

2 Sedillot-/i/s, Memoire, pp. 172-174. Alas no lithographs were included, for these would probably have been 
better than the photos that the Library could produce nowadays. 

3 da Schio, Due astrolabi di Valdagno, pp. 250-251, accepts Sedillot-/; Is' dating. Gunther, Astrolabes, I, p. 
230 (no. 99), reported the “questionable” dating by da Schio and dismissed Sedillot’s dating to ca. 905, 
designating the piece “type of A.D. 950”. The questionable dating refers to da Schio’s remarks on the Palermo 
mater described by Mortillaro (see the next three notes). 

4 Mortillaro, “Astrolabio arabo del nono secolo”, superseded in 1936 by Caldo, “Astrolabi di Palermo”, esp. 
pp. 6-9, and figs. 1 and 2. 

5 da Schio, Due astrolabi di Valdagno, p. 53. The author presented a remarkable list of Islamic instruments 
known to him (pp. 53-60). 

6 Gunther, Astrolabes, I, p. 230 (no. 100), immediately following his description of no. 99 (see n. 3 above). 
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extensive of a series of articles on Islamic instruments in Russian collections, this dealing with 
one globe, one astrolabe and one quadrant. As a (most fortunate) afterthought, he included a 
lithograph of 4 (#1179), the back of a mater and plate that were in the collection of the Arabist 
Dr. Joha nn Gottfried Wetzstein of Berlin, together with a description. 7 This piece never 
resurfaced. 

In 1878 at the IV th International Congress of Orientalists in Florence, the Spanish orientalist 
Eduardo Saavedra stated that 6 (#101) in the Tribuna Galileo in that city was indeed made 
for the French Pope Sylvester II, probably in Cairo. 8 For Gunther (see below), it became “The 
Astrolabe of Pope Sylvester II”, but already the Spanish Arabist Eduardo Saavedra and Lewis 
Evans (see below) recognized the problems of the Latin engraving on the back. In 1895 
Saavedra published descriptions of some astrolabes preserved in Madrid, appending a more 
detailed description of 6, which a colleague had had copied in Florence. Inevitably he had 
problems with the markings on the back. 9 In 1945 the Spanish instrument specialist Salvador 
Garcia Franco published an expert description of the piece, using an electrotype preserved in 
the Museo Naval in Madrid. 10 

At the 1878 Oriental Exhibition in Florence, 11 (#122), then in possesssion of Principe E. 
Tomaso Corsini, was exhibited. Gunther (see below) knew of this “Moorish astrolabe” but had 
no details beyond the date and the size. The markings on the back attracted my attention some 
years ago, * 11 but the piece has not been previously published beyond a brief notice in a 1954 
catalogue. 12 

In 1911 the Oxford collector Lewis Evans, in an article describing some of the astrolabes 
he had recently acquired, noted the existence of 2 and 6, dismissing 8.1 as later than it was 
dated, on account of the (absurd) pronouncement of da Schio. 13 

In Robert Gunther’s Early Science in Oxford, II (1923), only three astrolabes are listed from 
before the 13 th century: 2 (described by SedilloE/z/s but now dated ca. 950), 8.1 (no details 
available to him), and 10 (recently acquired by Lewis Evans). 14 But Gunther’s heart was in 
the right place: he introduced his list of 22 Islamic astrolabes known to him with an English 
translation of Heinrich Suter’s 1892 German translation of the scientific part of Ibn al-Nadlm’s 
Fihrist (see now 0c), and he determined to do more. 

Gunther’s Astrolabes of the World (1932) featured some 150 Islamic astrolabes (that is, from 
#3 through to #154), a monumental tribute to his diligence and enthusiasm, and no less proof 
of his recognition of the importance of the Islamic tradition. 15 However, at first sight, it is not 
clear which are the earliest Islamic pieces, not least because he treated “Persian” astrolabes 


7 Dorn, “Drei arabische Instrumente”, pp. 115-118, with an illustration of the back. On Wetzstein see Fuck, 
Arabische Studien in Europa, p. 191. 

8 Saavedra, “Astrolabe arabe”. 

9 Saavedra, “Astrolabios en el MAN”, pp. 412-414. 

10 Garcia Franco, Astrolabios en Espana, pp. 131-160 (no. 3). 

11 King, Mecca-Centred World-Maps, pp. 104-105. 

12 Florence MSS 1954 Catalogue, pp. 61-62 (no. 1105). 

13 Evans, “Some European and Oriental Astrolabes”, pp. 225-226. 

14 Gunther, Early Science in Oxford, II, pp. 189-191. There is an illustration of the front of Al, recently 
acquired by Lewis Evans and recognized as the earliest known dated Islamic astrolabe (374 H), opp. p. 188. 

15 See the tribute in Simcock, Robert T. Gunther. 
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before “Arabian” ones. To his credit, he was able to include at least a few of those described 
in the sequel. With the help of an Oxford Arabist, he prepared a respectable description of 
10 (#3), recently aquired by Lewis Evans and thought at the time to be the oldest surviving 
Islamic astrolabe. He knew of 2 (#99) from the description by SedilloL/i/s but mistaken 
misdated it on the authority of da Schio (see above) and was aware of the existence of 8.1 
(#100) but not of the fact that it had been published by Mortillaro, citing the doubts of da Schio 
(see above) on its early dating. He also knew of the two Florence pieces 6 (#101) and 11 (#122), 
presenting photos of the former and appropriately raising questions about it. It is significant 
that he was unaware of the major publication by Bernard Dorn in 1864 on Islamic instruments 
in St. Petersburg, and thus he ignored 4 (#1179). He had seen 9 (#111), which was offered 
to him for purchase, but, being very poorly advise by the Oxford Arabist David S. Margoliouth, 
who proposed “Ahmad ibn al-Khidr of Najd” for the maker and “778 H” for the date (the sketch 
shows 774 H). Gunther could not believe the early date claimed by the vendor and let the piece 
slip through his hands: a great loss for the Oxford Museum. 

In 1956 the prolific Leon A. Mayer of Jerusalem was able to document most of these 
productions by their makers (alas he overlooked unsigned pieces, which are just as important). 16 
So he mentioned Khafif (1.1, not 1.2), Ahmad ibn Khalaf (2), Hamid ibn c All (3.1, but not 
3.2), Muhammad ibn Shaddad (4, misidentified as Maghrib!), Ahmad and Muhammad bb. 
Ibrahim (10) and Muhammad ibn Abi T-Qasim (11). He also mentioned Gunther’s “Hamid 
ibn al-Khidr al-Najdl” (9), correctly questioning the misreading of the date as 774 H and 
proposing 374 H, and bemoaning the fact that the piece had disappeared. In his 1959 
supplement 17 he added the Cairo mater of Hamid ibn c Ali (8.2) and, much to his credit, Ahmad 
ibn Kamal, citing the 1957 publication of Faransls and Naqshabandl but not giving any details 
or their dating to the 10 th century, probably dismissing the maker by virtue of the late form 
of his name (see now XHIb). 

In 1957, Francis Maddison catalogued some of the recent acquisitions in the Oxford 
Museum. 18 These included the two pieces by Khafif, the complete astrolabe 1.1 (#1026), which 
he mislabelled “Syro-Egyptian”, and the solitary rete 1.2 (#2529), “Syro-Egyptian?”. Maddison, 
ever cautious with unsigned pieces, did not suggest they might be by the same maker. For 
comparison with both he cited 2, 6, 8.1 and 10, as well as 8.2 (#3713), the Cairo mater signed 
by Hamid ibn ‘All, of which this was the first mention as such (its later dated Mamluk 
inscription was already known in the literature). 

In 1962, the leading French scholar of historical instruments, Marcel Destombes, was 
confronted with the task of finding a context for an astrolabe that had just come into his 
possession, and which he (rightly) believed was from 10 th -century Catalonia. (He was also 
confronted by a group of academics in Paris who liked neither him, for he was not a member 


16 Mayer, Islamic Astrolabists. It is interesting to compare this mine of information with a purely 
bibliographical survey of writings on Islamic astrolabes compiled by K. A. C. Creswell in Cairo in 1947 entitled 
“A Bibliography of Islamic Astrolabes”. 

17 Mayer, “Supplement”, esp. pp. 295 and 294. 

18 Oxford Billmeir Supplement Catalogue, pp. 16-18 (nos. 155-156). These designations were dropped in the 
London SM 1976 Exhibition Catalogue (see n. 26 below). 
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of their aristocracy, nor the astrolabe, which, not having looked at any other astrolabes, for 
academics work only on texts, they preferred to believe was a fake.) Now Destombes had the 
historical insight and good taste to compare his astrolabe with the earliest available Islamic 
astrolabes. Indeed, in his account of his new astrolabe and its significance, after presenting 
‘Tastrolabe grec de Brescia”, he devoted four pages to “les astrolabes arabes orientaux des 
IX e et X e siecles” and then continued with “les astrolabes hispano-arabes au XI e siecle”. 19 
Beginning with Ibn al-Nadlm, he discussed 2 (#99), correcting the misreadings of Sedillot- 
fils, and the early instruments mentioned by Gunther and Maddison, namely, 1.1-2, 6, 8.1-2 
and 10. In particular, he was able to identify the former’s misrendering “al-Najdl” as al- 
Khujandl, thus establishing for the first time the importance of 9 (#111). But perhaps the 
greatest achievement of Destombes in these few pages was to identify the relevance of the 
Baghdad astrolabe bearing the name “Ahmad ibn Kamal”, which had been published in 
Baghdad in 1957 (see above and now XHIb). 

In the early 1970s Alain Brieux in Paris acquired 3.1 (#3501) and 9 (#111), had detailed 
descriptions prepared (which were privately circulated), and then sold them to two different 
Kuwaiti collectors. It was typical of the fervour in the circles of astrolabe aficionado s of the 
time that these same descriptions were not published immediately in appropriate journals. 
However, Maddison and Anthony Turner (see below) were under the (false) impression that 
their descriptions would be published in 1976. 

Now the maker of the former signed himself “Xastulus”, where X can be read as a “B” or 
an “N”. In 1974 Brieux and Maddison published a short note in which they argued for Bastulus, 
which “seems a perfectly good Arabic transcription of Anocxo'koc,, consistent with Arabic 
transcriptions of other Greek proper names”, rather than Nastulus, which “would have no 
apparent explanation”. 20 In a paper published in 1978, I attempted to show that our man was 
called Nastulus not Bastulus, for the latter would be a singularly inappropriate epithet for a 
Muslim named, like the Prophet of Islam, Muhammad ibn ‘Abdallah. 21 Meanwhile, in the mid 
70s, Alain Brieux had discovered 3.2 (#1131 = #4023), the undated Cairo mater of N/Bastulus. 22 
(As in the case of some other Western “discoveries”, Brieux could not have known that the 
piece was known already and would be discussed in a 1977 master’s dissertation at Cairo 
University. 23 ) In 1983, Paul Kunitzsch and I published a second paper proposing the name 


19 Destombes, “Astrolabe carolingien”, pp. 12-16. 

20 Maddison & Brieux, “Bastulus/Nastulus?”. The argumentation in this well-documented article is carefully 
argued, but overlooks the inappropriateness of the name for any Muslim, let alone one called Muhammad ibn 
'Abdallah. 

21 King, “Nastulus/Bastulus”. 

22 I certainly remember Alain being very excited in Cairo when I met him there after he had been to the 
Museum of Islamic Art, but I forget the year. The Cairo mater is first mentioned in Musaylahl, al-Asturlab (see 
next note), and again in King & Kunitzsch, “Nastulus”, p. 343, n. 1. It was already in Price et al., Astrolabe 
Checklist, under #1131, dated 714 H, the year of the Mamluk additions. 

23 See Musaylahl, al-Asturlab, esp. pp. 56-57 on this piece, and pp. 54-56 on the Cairo mater of Hamid ibn 
'All. Inevitably, as in the case of many Near Eastern publications, the author had little access to any relevant 
Western publications (actually, in this case, only W. Hartner’s article in the Survey of Persian Art, and L. A. 
Mayer’s, Islamic Astrolabists). He was a student of Islamic art and kindly gave me a copy of his thesis, which, 
under the circumstances, is a fine piece of work for a student. 
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Nastulus as a variant (that was acceptable within the framework of Semitic philology) of the 
(attested) name Nasturus over the (highly improbable) Bastulus. 24 However, as we shall see, 
the name Bastulus is now firmly established in the literature. In the sequel (3), I reproduce 
all that we known on this Nastulus, mentioning some outstanding contributions by him to 
instrumentation that went far beyond the manufacture of standard astrolabes. 

In 1972 Derek de Solla Price and his graduate students at Yale completed their astrolabe 
checklist (instruments now numbered, not consecutively, up to #3924), profitting from the 
expertise of Brieux and others. 25 They included 1.1, 2, 3.1, 4 (no date), 6, 8.1-2, 9, 10 and 11. 

For the 1976 exhibition “Science and Technology in Islam” at the Science Museum in London 
as part of the so-called “World of Islam Festival”, the following pieces or graphics thereof 
were presented: 1.1,1.2, 2, 3.1, 4, 8.2, 9,10,11. Brief descriptions of each piece were prepared 
by Francis Maddison and Anthony Turner, but the catalogue was not ready for the exhibition 
and was alas never published. 26 The pathetic information on astrolabes in the coffee-table book 
on Islamic science that was published (Islamic Science: An Illustrated Study, 1976), includes 
a claim that “the earliest (astrolabe) extant is from 4 th /10 th century Isfahan”, although six earlier 
astrolabes from al-Traq were on display in the Exhibition. 27 

In 1980, in the catalogue of the collection of Leonard Linton of Point Lookout, Long Island, 
the first description of 7 (#4022) appeared in print. The provenance was stated as “Syria” and 
the date as “10 th century”. 28 

In the introduction to his 1985 catalogue of the astrolabic instruments in the Time Museum, 
Anthony Turner listed 1.1-2, 2, 3.1-2, 4, 6, 8.1-2, 9 and 10, himself adding a catalogue 
description of 5 (#4180), which he dated to the 10 th or 11 th century. 29 

In 1991, my colleague George Saliba published the first description of the Uffizi drawings 
of a third piece by Khafif, 1.3 (#4030). 30 About the same time, various bits and pieces, 12.1- 
3, were identified by the present writer. There was nothing else to do except prepare detailed 
descriptions of the entire corpus. In 1995 I published the two pieces in Kuwaiti collections, 
3.1 and 9. 31 Now I feel compelled to publish all the descriptions. 


24 King & Kunitzsch, “Nastulus”. 

25 Price et at., Astrolabe Checklist, esp. p. 31, for the earliest dated Islamic astrolabes and those with early 
estimated dates. 

26 Listed as London SM 1976 Exhibition Catalogue. (The authors generously sent copies of their manuscript 
to interested colleagues.) The descriptions of the astrolabes on pp. 96-103 give no indication of the provenance. 
For 1.2 there is “no indication of the maker” (!). 

27 Nasr, Islamic Science, pp. 118-123, with several illustrations with incorrect captions (p. 243), and King, 
“Review of Nasr, Islamic Science ”, pp. 216-217 / 341b. 

28 Linton Collection Catalogue, p. 83, no. 160. The piece now belongs to the Science Museum, London, not 
a happy fate for an astrolabe (their scientific instruments are mainly stored in a warehouse near Olympia). 

29 Rockford TM Catalogue, pp. 13-15, esp. n. 28, and pp. 60-63 (no. 1). 

30 Saliba, “Astrolabe by Khafif’. 

31 King, “Kuwait Astrolabes”. 
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Oc Ibn al-Nadim on the early history of the astrolabe in the Islamic world 

I here present a new translation of the Arabic text of the Fihrist of the 10 lh -century Baghdad 
bibliographer Ibn al-Nadim dealing first with the mid-8 th -century astronomer al-Fazarl (A), and 
then with instrument-makers from 9 th - and 10 th -century Baghdad (B). 32 Names of makers from 
whose hands we have surviving instruments are printed bold. 


(_Uc._3 LVjlxuii (jx (Jjt jAj (jj ajAxji Jllj (_£jljail ^jaI^jjI (jjajoij jjl jA j <_£jl jail 

i—jUS c_ijxjt ( _ 5 Jc. ^cj jll <_Aj£ Jl j jll u AjiA\ j-v ‘41 s ai. ^—a\ l i. i1 •;< <d j IQ L.... * j IQ Li.. 

fitnall <_iV i_Aj£ jNH CjIjs jA j ‘.Njk.Nl» 


A) “al-Fazarl: he is Abu Ishaq Ibrahim ibn Habib al-Fazarl ... and he is the first person in 
Islam to make an astrolabe and he made [it] plane (?? mubattah an wa-musattah an ). He wrote 
the following books: 

(1) A poem on astronomy ( al-Qaslda fl dim al-nujum ); 

(2) a book on the gnomon for determining midday ( al-Miqyas li-’l-zawal ); 

(3) an astronomical handbook with tables arranged according to the Hijra calendar ( al-Zlj c ala 
sini ‘l-'Arab); 

(4) a book on the use of the “astrolabe” which is the armillary sphere ( al- c amal bi- ’l-asturlab 
wa-huwa dhat al-halaq ); and 

(5) a book on the use of the plane astrolabe ( al- c Amal bi-’l-asturlab al-musattah).” 


V liAj aLs Vlkr - (Jjij (jiljxdJaJ Iflkr- (Jji j AaJajjui ^aJJall .N ClilS lflt-.1T a j CLN^I 

Lgj£]j Cj t. " i at jQi (jaj (jl AjjXaJ (jaxJ CjyyI C±il£j jjjji ( j >0 Jj |j < tiljAJ 

C I.A jji ^ll A ■ .-.jl 

L_lVJ-aC. 13 a IjJlL p-Lalc- (js-t* j ll£- \ g 1J* ) J&J dll 3 A .1 (J-aati L£4jjj,> a ^ 


^ ^ 0 1>-a J jl jail Jl jjjjJl jl\ ^Ua^iII *LuJ 

C5^ J *Jl jl Ljaji jjkE dliw jl L5 _ul1C. jl ^3lc- Q_flLk (jj Xa^l Xdli 15ila. jlSj 

J^IaJj ^ k .all JLa^.1 jl <- ajQ-k ^jl^aJl (JJjl_>3 jl £}-^l 

^V^iajujVl Jl^jJI (JJdljhulJ ^^Ic- 5jjJl t- a 11. ii 3)lSj .. a? £^ 

oJkLall k ^J *,u £>a Aldl A_llaj«Jl 


32 On Ibn al-Nadim see the EI 2 article by Johannes Fuck. My translation is based on Ibn al-Nadim, al-Fihrist , 
pp. 273 (A) and 284-285 (B) of Flugel’s edition. (This section of the translation of Bayard Dodge—II, pp. 670- 
672—is unreliable.) 
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B) “Discussion of the instruments ( alat) and their makers ( sunna ). In ancient times astrolabes 
were plane. The first person to make ( ‘amala ) them was Ptolemy. It is said that they were made 
before his time, but this is not known with exactitude. The first person to make a plane astrolabe 
(sattaha ‘l-asturlab) was Abiyun al-Batrlq. Instruments were made ( kanat tumalu) in the city 
of Harran. From there they spread ( tashattatat ? wa-zaharat ) [and] {text: wa-lakinnaha, lit. 
but} they increased (in number), and in the Abbasid realm, work became plentiful for the 
instrument-makers ( sunna '), from the days of al-Ma’mun to this our own time. 

When al-Ma’mun wished to make astronomical observations, he selected [Khalid] {text: Ibn 
Khalaf} al-Marwarrudhi, who made (for the Caliph) an armillary sphere, the same one which 
is still in the possession of one of the scholars of our city. al-Marwarrudhi (also) made 
astrolabes. 

The Names of the Makers are [Khalid] {text: Ibn Khalaf} al-Marwarradhl; al-Fazari, who 
has already been mentioned; 'All ibn Tsa, the apprentice (ghulam ) of al-Marwarrudhi; Khafif, 
the apprentice of c All ibn Tsa, who was clever and superior; Ahmad ibn Khalaf, apprentice 
of c All ibn Tsa; Muhammad ibn Khalaf, also an apprentice of'All; Ahmad ibn Ishaq al-Harranl; 
al-Rabl' ibn al-Farras al-Harranl; [Nastulus] {Fliigel confused}, apprentice of Khafif; c All ibn 
Ahmad the engineer/geometer ( al-muhandis ), apprentice of Khafif; Muhammad ibn Shaddad 
al-Baladl; 'All ibn Surad [al-]Harranl; Shuja' ibn ... (?), an apprentice of [Nastulus], who was 
with Sayf al-Dawla; Ibn Salm, an apprentice of [Nastulus]; al-Tjll al-Asturlabl, an apprentice 
of [Nastulus]; al-Tjliyya, his daughter, who was with Sayf al-Dawla, (and who was) a pupil 
(; tilmldha ) of [Nastulus], 

Some of the apprentices of Ahmad and Muhammad, the two sons of Khalaf, were Jabir ibn 
Sinan al-Harranl; Jabir ibn Qurra al-Harranl; Sinan ibn Jabir al-Harranl; Farras ibn al-Hasan 
al-Harranl; Abu T-Rabl' Hamid ibn 'All {[al-Wasitl]}, an apprentice of c All ibn Ahmad al- 
muhandis. Some of the apprentices of Hamid ibn 'All were Ibn Najiyya, whose name was ... 
(?) ... (?); al-Buql, whose name was al-Husayn, but he changed it to c Abd al-Samad. 

(Other) early instrument-makers were 'All ibn Ya'qub al-Rassas and 'All ibn SaTd al- 
Uqlldisl, (as well as) Ahmad ibn 'All ibn Tsa, near(er) to our own time.” 

Notes on chronology 

Khalid al-Marwarrudhi is known to have participated in the astronomical activities of the Caliph 
al-Ma’mun ca. 825. 33 'All ibn Tsa was his apprentice—let us put his activity at ca. 850. He 
had as apprentices both Ahmad ibn Khalaf and Khafif—let us put them at ca. 875. Now 
Nastulus, the apprentice of Khafif, made an astrolabe ( 3 . 1 ) in 927/28, so maybe we should 
put Khafif ca. 900. 34 If it is to Ahmad of the Banu T-Munajjim family that Khafif s Oxford 
astrolabe ( 1 . 1 ) is dedicated, then the two possible candidates were alive ca. 900. 35 Furthermore, 
Ahmad ibn Khalaf made an astrolabe (2) for Ja'far (906-987), the son of the Caliph al-Muktafi 


33 On Khalid see Sezgin, GAS, VI, p. 139; Sayili, The Observatory in Islam, p. 464 (index); and King, “Earliest 
Muslim Geodetic Measurements”, passim. 

34 George Saliba (“Astrolabe of Khafif’, pp. 110-111), also using Ibn al-Nadlm, puts Khafif ca. 850. 

35 See n. 61 below. 



THE EARLIEST ASTROLABES FROM IRAQ AND IRAN 


455 


bi-’llah (d. 908, reg. 902-908), which would necessarily have been made in Ja'far’s early 
years—let us say ca. 925. Apprentices of Nastulus were “with” Sayf al-Dawla (916-967), a 
man of keen scholarly interests, who was amir of N. Syria from 945 until his death: 36 this surely 
means he attracted them to his court, let us say, ca. 950, after he had established himself in 
Aleppo and Mayyafariqin, and before he was overcome by sickness and Byzantines. Further¬ 
more, c All ibn Ahmad the engineer/geometer ( al-muhandis ) was apprentice of Khafif, whom 
we have set ca. 875 or ca. 900 at the latest, so let us put c All ca. 925. Now he had as apprentice 
Abu ‘1-Rabl c Hamid ibn c All al-Wasitl, who made an astrolabe (8.1) in 954, so our tentative 
chronological progression is confirmed. 


Odlbn Yunus and al-Biruni on the skills of the earliest astrolabists 

The famous late-10 th -century Egyptian astronomer Ibn Yunus (II-4.1.1, etc) writes as follows 
in the introduction to his Hakimi Zij : 37 


(jl* J Ujjj jj£l AitJ (jLajll ^ ^Lo ,jj£j Laj] eLoLdl 

cs- 1 ^ Ca UniA j L_ll=Jl jdc. yi (jU jA\ )c. ^ _jxalkj£ JjjL (jLoj ^ V] Alio a 

1- 1 > i t ^ll a , fl t J L, ,^\ 

“ ... of the most distinguished scholars and highly skilled craftsmen, there may only be one at any 
given time, and maybe there will be one, but it will be difficult to find another like him for a long 
time (thereafter), such as Ptolemy in the science of logical reasoning in astronomy and Galen in 
the science of medicine, and Khafif, the ghulam of c All ibn Tsa, and Hamid ibn ‘All al-Wasitl in 
the construction of astrolabes. ...” 

Khafif and Hamid ibn c All al-Wasitl are in the best of company here, and fortunately some 
instruments of both have survived: see 1.1-3 and 8.1-2. Elsewhere, Ibn Yunus mentions that 
he actually used an astrolabe made by Hamid ibn c All and it is obvious that he had at least 
seen one by Khafif. 

The celebrated early- 1 l th -century al-Blrunl (II-2.2, etc), the leading scientist of the Islamic 
world, wrote that al-Khujandl, whom he had met in person, was unique in his abilities as a 
maker of astrolabes and other instruments. 38 

CjbV j b. I a x n AiLo j a^.ji jji (jl£ a] j Lolac. o-injj aLS La jli aai (jjkiuJl la& Lola 

Aj ]*»j * Al jj Ailwaiij jdac-VI Jadl alaajl l^alj (jjilajj L^alc. <_jLi ^ji (Jxdl jlaLo ^^a dulS j dNVI ^pLuij 

(jjjlaall <_sa£a jj]| 


36 See the EI 2 article “Sayf al-Dawla” by Thierry Bianquis. 

37 Caussin, “Table Hakemite”, pp. 38-39/54-55. I have corrected the obvious errors. 

38 al-Blrunl, Tahdid, text, p. 107, and transl., p. 75. The translation here is my own. 
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“The Fakhrl sextant (erected by Abu Mahmud Hamid ibn al-Khidr al-Khujandl at Rayy) surpassed 
in both size and accuracy (the instruments of this kind) that had been constructed before and 
(what has been constructed) after, because Abu Mahmud was unique in his time in the construction 
of astrolabes and all (observational) instruments. His result for the obliquity of the ecliptic merited 
to be (generally) adopted (by other astronomers), and to be used (as a basis) to measure the 
increase and decrease of the obliquity, for he even fixed it with (the sextant) accurately to seconds, 
let alone minutes!” 

This remark about his abilities, no mean compliment, coming, as it does, from al-Btrunl, is 
borne out by al-Khujandl’s sole surviving astrolabe: see 9. 


Oe The earliest Eastern Arabic treatises on the construction and use of the standard astrolabe 

Ibn al-Nadlm (Oa) informs us that al-Fazarl (Baghdad, ca. 750) authored a treatise on the use 
of the planispheric astrolabe, alas lost. 39 Apparently, the earlier treatise of Apion al-Batriq 
(Egypt (?) ca. 625) was also available in Arabic, but that is lost too. 40 Fortunately, we have 
two treatises on the construction and the use of the astrolabe by al-Khwarizml (Baghdad, ca. 
825). 41 The former has never been published, 42 the latter was translated into German by Joseph 
Frank in 1922. 43 An edition of the Arabic text of both treatises from the unique Berlin 
manuscript, with an English translation and commentary by Francois Charette and Petra 
Schmidl, is to be published soon, together with the earliest Abbasid writings on the 
trigonometric and horary quadrant. 44 I have recently published the text of the earliest treatise 
on the universal horary quadrant with movable cursor (the so-called quadrans veto). 45 A 
treatise on the use of the astrolabe by ‘All ibn Tsa was published by Louis Cheikho in 1913 
and a German translation by Carl Schoy in 1927. 46 However, from internal evidence, it is not 
clear that the author is to be identified as the 9 th -century Baghdad astrolabist with this name 
mentioned by Ibn al-Nadlm. 47 Richard Lorch has prepared an edition, as yet unpublished, of 
the remarkable treatise on astrolabe construction by al-Farghanl (Baghdad, ca. 850) with its 
many tables of coordinates for engraving altitude and azimuth circles on astrolabic plates. 48 


39 On al-Fazarl see the DSB article by David Pingree, and on his astrolabe treatise, Sezgin, GAS, VI, p. 124. 

40 See XIIIe-4, 7 and 8, and also Sezgin, GAS, VI, p. 103. 

41 On al-Khwarizml see the DSB article by Gerald Toomer. Both of these treatises are extant in MS Berlin 
Ahlwardt 5973, copied ca. 1500. 

42 For the first account see King, “al-Khwarizml”, pp. 23-27. 

43 Frank, “al-Khwarizml iiber das Astrolab”, also Sezgin, GAS, p. 143 (confused). 

44 Charette & Schmidl, “al-Khwarizml on Instruments”. 

45 See King, “ Quadrans vetus ”, and now Xlla. 

46 Cheikho, “ Kitab al-‘Amal bi-’l-asturlab li- c All ibn 7sa'\ and Schoy, “ c All ibn ‘Isa iiber das Astrolab”. See 
also Sezgin, GAS, VI, p. 144. 

47 The text bears not a trace of 9 ,h -century influence. In some copies the author seems to be called al-Ishblll, 
“from Seville”, but the treatise contains not a trace of Andalusl influence. 

48 On al-Farghanl see the DSB article by A. I. Sabra, where this treatise is not mentioned; Sezgin, GAS, VI, 
pp. 150-151; and King & Samso, “Islamic Astronomical Handbooks and Tables”, pp. 91-92. 
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Early treatises (from before ca. 1000) that are known only by citations and not by any 
surviving copies are those of: Masha’allah, the Banu Musa, the Banu T-Sabbah, al-Kindl, the 
grandson ‘Umar of Khalid al-Marwarrudhl, ‘Utarid al-Hasib, Thabit ibn Qurra, Habash al- 
Hasib and his son Abu Ja'far, etc. 49 One of the few that are available, but still unpublished, 
is that of Kushyar. 50 We should also mention: a short treatise by Ibrahim ibn Sinan, of which 
the text has been published; 51 a study by Jan Hogendijk of the writings of Abu Nasr ibn ‘Iraq 
and al-Saghanl on the theory of seasonal hour curves on astrolabes (and sundials); 52 the treatise 
by Abu Sahl al-Quhl on Astrolabe Construction”, edited with translation and commentary by 
Len Berggren; 53 and two treatises by Abu Nasr ibn ‘Iraq, translated by Julio Samso. 54 

A highly significant treatise on non-standard astrolabes was compiled by al-Sijzl (Rayy, ca. 
980) and an edition has been prepared, but not yet published, by Richard Lorch. 55 al-Sijzl 
mentions the inventors of different kinds of unusual astrolabes and cites examples of individual 
instruments and their dedicatees. The most important early treatise on astrolabe construction, 
partly based on al-Sijzl and cognisant of the contributions of such earlier scholar-craftsmen 
as Nastulus, is the Istiab al-wujuh ft sinaat al-asturlab by al-Blrunl (Ghazna, ca. 1025). 56 An 
edition (of sorts) of this has recently been published in Tehran. 57 The exhaustive treatises on 
the use of the astrolabe in 402 and 1760 chapters by ‘Abd al-Rahman al-Sufi (Shiraz, ca. 1000) 
are available only in facsimile editions. 58 

Later Arabic and Persian treatises on construction and use of the standard astrolabe are legion 
and need not concern us here. 59 For just one later example, see the treatise on astrolabe 
construction by the Yemeni Sultan al-Ashraf ca. 1290 (XlVa). 


49 Sezgin, GAS, VI, p. 128 (the Latin treatises associated with Messahalla are unrelated to this—see XHIe- 
1), 147, 148, 154, 159, 161, 169, 175, 18, etc. 

50 Sezgin, GAS, VI, pp. 248-249. 

51 Uncritical Hyderabad 1947 edition: see Sezgin, GAS, VI, p. 194. 

52 Hogendijk, “Seasonal Hour Lines on Astrolabes and Sundials”. 

53 Berggren, “al-Kuhl on Astrolabe Construction”; also Sezgin, GAS, VI, p. 219. 

54 Samso, Abu Nasr, pp. 75-88 and 89-104 (also Sezgin, GAS, VI, p. 244). 

55 Sezgin, GAS, VI, pp. 225-226, and my “Review”, p. 58. 

56 On al-Blrunl see the DSB article by E. S. Kennedy, and on this treatise see Sezgin, GAS, VI, pp. 268- 
269. His other astrolabe treatises (ibid., p. 269) await investigation. 

57 The Tehran “edition” is listed under al-Blrunl, Astrolabe Construction. 

58 On al-Sufi see the DSB article by Paul Kunitzsch. On his astrolabe treatise see Sezgin, GAS, VI, p. 215, 
and the facsimiles published in Frankfurt in 1986. 

59 This is not to say that some of them do not contain surprises for a diligent researcher. A first attempt to 
survey them, as yet not superseded, is Awwad, “Astrolabe Texts” (1957) (in Arabic). Dozens of titles could 
be added from the standard bio-bibliographical sources on Islamic science. 
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1 Three instruments by Khafif, apprentice of ‘All ibn ‘Isa 

As we have seen, Ibn Yunus mentions the skills of the astrolabists Khafif and Hamid ibn ‘All 
al-Wasitl (8) alongside those of Ptolemy and Galen. Ibn al-Nadlm informs us that Khafif was 
the apprentice ( ghulam ) of (the enigmatic) ‘All ibn ‘Isa. In addition to an astrolabe bearing 
the signature of Khafif (1.1) we also have a rete that can be safely ascribed to him (1.2). Only 
in 1991, some 1 6 lh -century Italian drawings of a third astrolabe by Khafif (1.3) were published. 

1.1 An undated astrolabe 


International Instrument Checklist #1026. 

Oxford, Museum of the History of Science: 57-84/155. Formerly in the Collection of J. A. Billmeir. 
Earlier provenance? 

Brass. Diameter: 112 mm. 

Bibliography: [Francis Maddison] in Oxford MHS Billmeir Supplement Catalogue, pp. 16-18 and pi. 
XXIIIa (front only); Mayer, Islamic Astrolabists, p. 54, and pi. I (back only); London SM 1976 
Exhibition Catalogue (unpublished), p. 98; Tumanyan, History of Armenian Astronomy, pp. 174-177 
(in Armenian), with a brief summary on p. 394 (in English); and Stautz, Mathematisch-astronomische 
Darstellungen auf mittelalterlichen Instrumenten, pp. 45-47 and 182. 


The throne, cast in one piece with the mater, has a rectangular socle as base, with three lobes 
and one large hole on each side. The suspensory apparatus is a rather large shackle with a pear- 
shaped base and saddle holding a circular ring. The back of the throne bears an inscription 
in a rounded naskhi script. It reads: 

(jj ( _ 5 lc. i— kpA 


“Khafif, the apprentice of ‘All ibn Tsa,” 

there being no associated verb (compare 1.3). On the front of the throne in the same script 
in the inscription: 




“by order of ( bi-rasm ) Ahmad al-Munajjim al-Sinjarl.” 

This individual is not otherwise known to the modem literature. Although he was clearly an 
astronomer ( munajjim ), he is apparently not mentioned amongst contemporaneous Abbasid 
astronomers in the known sources. 60 Another possibility would be that he was a member of 
the Banu T-Munajjim family. 61 I first thought that the inscription could not be original—not 


60 Ahmad ibn Muhammad al-Hasib al-Nihawandl, also known as Ahmad ibn Muhammad al-Munajjim 
(Sezgin, GAS, VI, pp. 135-136), was active a few decades too early, and besides Nihawand is not Sinjar. 

61 Since no astronomer with this name is known to us, it may be we are dealing with a descendant of Abu 
Mansur, a Zoroastrian appointed by the Caliph al-Mansur as astronomer/astrologer. We have an Abu ‘Isa Ahmad 
of unknown date but his brother Abu Ahmad Yahya lived 855-912, and an Abu i-Hasan Ahmad, son of Yahya, 
who lived 875-939. Both the brothers Ahmad and Yahya and the latter’s son Ahmad were scholars, but none 
appears to have been known as al-Sinjarl, that is, from Sinjar, west of Mosul. See further the Ef article 
“Munadjdjim, Banu i-” by M. Fleischhammer. 
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a 




Figs, l.la-c: The front and back of the only surviving 
complete astrolabe of Khaflf (#1026) and the plate for 
latitude 34°. [Courtesy of the Museum of the History 
of Science, Oxford.] 
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least because of the naskhl script and the fact that the expression “made / constructed by” is 
missing—but there is no need to doubt the accuracy of the attribution to Khafif, especially 
now that 1.3 has come to light. 

The scale on the rim is divided 5°/l°-5° (without tens and hundreds). The mater bears a peg 
at the bottom of the inside to hold the plates in position; otherwise it is devoid of markings. 

The rete has a rectilinear equinoctial bar, of which the segments inside the ecliptic are about 
twice as wide as those outside. The lower equatorial bar lies just ouside the equator, and its 
supports are unduly wide; there is a handle on the left-hand support. There is a / \ -shaped 
frame below the central disc. The scale of the ecliptic is divided for each 6°, and the divisions 
are not labelled. The names of the zodiacal signs are standard, except that al-samaka is used 
for Pisces (compare XIIIa-2.4 and 3.16). The rete is similar to that of on the Kuwait astrolabe 
of Nastulus (3.1), but somewhat less elegant. The star-pointers are dagger-shaped markings 
and serve 17 stars: 

(1: complete astrolabe, 2: single rete, 3: drawing—see below) 


ras al-ghul 
al-dabaran 
al- c ayyuq 
rijl al-jawza 
mankib al-jawza 
al-yamaniya 


al-sha* amiya 
qalb al-asad 


al-ramih 
al-fakka 
qalb al- c aqrab 
rads al-hawwa 


al-waqi 

al-tair 

dhanab al-dajaja (1 and 3) / al-dajaja (2) 
mankib al-faras (1 and 2) / mankib (3) 
kaff al-khadib 


Burkhard Stautz has shown that the star-positions correspond very closely to the coordinates of 
al-Farghanl adjusted with the Mumtahan precession to ca. 925. 

There are two original plates bearing altitude circles for each 6° and no azimuth circles. The 
associated lengths of maximum daylight cannot be linked to specific values of the obliquity. 
The latitudes served are: 


33° 

14;13 h 

[0/+1] 

34 

14; 18 

[-1/+1] 

35 

14;22 

[-2/0] 

36 

14;30 

[0/+2] 


The errors in the lengths of longest daylight are given for obliquity 23;51° and 23;33/35°. A 
third plate with identical features but different kufi script is not original—see below. That this 
plate was fitted into our astrolabe by an innocent is evident from the fact that on it the cut¬ 
out is at the top of the plate rather than at the bottom. 

The only original markings on the back appear to be the horizontal and vertical diameters, 
two altitude scales divided 5°/l° on the rims of the upper quadrants, and a shadow-scale to 
base 12 divided 5/1-5 up to 50 on the rim of the lower right quadrant. The trigonometric grid 
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that now graces the two upper quadrants is not carefully drawn and if it were original would 
have surely disqualified Khaflf from membership in the highest ranks of early Abbasid 
asturlabis —see below. 

Later markings 

The trigonometric grid is most probably the handiwork of the Armenian who most certainly 
added the shadow square (to base 12 with scales divided 3/1 and labelled for each 3 digits) 
in the lower left quadrant with inscriptions in his own language, as well as the ornate and very 
Armenian decoration on the alidade and radial rule—see further 1.2. 

Replacemement parts 

A single replacement plate with kufl inscriptions bears altitude circles for each 6° for latitudes: 

36° 14;28 h [-2/0] 

41 15; 0 [-1/+2] 

The underlying obliquity is difficult to pinpoint, the errors shown being for obliquity 23;51° 
and 23;33°/23;35°, respectively. See also 12.3. 

1.2 A solitary rete 

International Instrument Checklist #2529. 

Oxford, Museum of the History of Science: 57-84/156. Formerly in the Collection of J. A. Billmeir. 
Earlier provenance? 

Brass. Diameter: 143 mm. 

Bibliography: [Francis Maddison] in Oxford MHS Billmeir Supplement Catalogue, p. 18 (no. 156); 
London SM 1976 Exhibition Catalogue, p. 99; Tumanyan, History of Armenian Astronomy, pp. 174- 
177 (in Armenian), with a brief summary on p. 394 (in English); and Stautz, Mathematisch-astro- 
nomische Darstellungen auf mittelalterlichen Instrumenten, pp. 45-47 and 183. 

This rete (Fig. 1.2) bears kufi inscriptions in the same hand as 1.1 above and also has al-samaka 
for Pisces on the ecliptic. There are dagger-shaped markers for 17 stars, and all of the original 
inscriptions have been duplicated in Armenian. The stars are listed under 1.1 above. Since the 
stars represented are precisely those on the astrolabe of Khafif just described, and various other 
features (including the script, the lack of a star-pointer opposite qalb al- c aqrab, and the position 
of the handle on the left support of the lower circular bar), I see no problem in attributing this 
rete to Khafif too. The star-positions are virtually identical to those on 1.1. There is a small 
hole by the name of the star al-fakka whose purpose is not clear to me. 

Later markings 

The star names have been duplicated in Armenian—see further 1.1. 

1.3 Parts of an astrolabe illustrated in a 16 th -century Italian drawing 

International Instrument Checklist #4030. 

Florence, Galleria degli Uffizi, Gabinetto dei Disegni e Stampi: U1454A recto and verso. Provenance? 
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Fig. 1.2: The solitary rete of [Khaflf] (#2529). [Courtesy of the Museum of the History of Science, Oxford.] 



THE EARLIEST ASTROLABES FROM IRAQ AND IRAN 


463 



Figs. 1.3a-b: The illustrations of an astrolabe by Khaflf executed in Florence in 1520 (#4030). [Courtesy of the 
Galleria degli Uffizi, Florence, and thanks to Professor George Saliba.] 
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Paper. Dimensions unknown. Drawings are apparently signed and dated (1520). Astrolabe is signed 
and undated. 

Bibliography: Saliba, “Astrolabe by Khaflf’. The drawings are also published in Nicholas Adams, ed., 
Corpus of the Drawings of Antonio da Sangallo the Younger, vol. 1, New York: Architectural Foun¬ 
dation, ca. 1991 (not seen). 

These remarkable drawings were executed in 1520 by Antonio da Sangallo the Younger, the 
Florentine architect who built the greater part of St. Peter’s in Rome. They were originally 
on a single folded sheet, now in two halves and inventorized as recto and verso. The mater 
with astrolabic markings (or, less likely, a single plate fitted in the mater), the rete and the 
back are depicted with remarkable care and thoroughness. Also an alidade, possibly original, 
and a nut and bolt, undoubtedly replacements, are featured. 

The ensemble has been carefully investigated by George Saliba, who compared it with the 
two Oxford pieces (1.1-2). The drawing represents a genuine astrolabe by Khaflf, now lost, 
and the rete is not identical to the solitary Oxford rete. The original instrument was fixed up 
by an Andalusl astrolabist long before it came to Italy—various features on the back provide 
clear evidence of this. (This was also recognized by Saliba.) 

The throne is slightly different from that on 1.1. It has a broad raised base at the middle 
of which a small lobe leads to a larger one on each side of a smaller central lobe at the centre 
of which the suspensory apparatus is attached. There are relatively large holes at the middle 
of each of the larger lobes. There is a small shackle with a circular part fitting over the central 
lobe and the very small saddle fitting over a circular ring. The scale of the rim is divided 5°/ 
l°-5° and there is a peg at the bottom. There are additional arguments in European numerals 
on the scale—see below. The mater bears astrolabic markings—see below. 

The rete is identical to those on 1.1-2 but has mankib instead of mankib al-faras (as on both) 
and dhanab al-dajaja (as on the former, the latter has only al-dajaja). The stars are listed under 
1.1 above. The latter is to be taken as definitive evidence that the rete depicted here is not 
the solitary rete 1.2. The variant al-samaka is used for Pisces as on both 1.1-2. No handle is 
depicted. 

The mater bears altitude circles for each 6° labelled once inside the outer base circle and 
up the meridian to the zenith. The curves for the seasonal hours are also labelled once in abjad 
notation, and the ends of the horizon are marked al-maghrib and al-mashriq. The markings 
serve (lizard — saatuhu —): 

30° 14 [+2] 

and the length of longest daylight is based on obliquity 23;51° (compare the identical value 
given on a plate of another Abbasid astrolabe (2 below), there for latitude 29;55°). This plate 
for the third climate would have served Fustat, although the latitude there was taken as 29;55° 
on contemporaneous astrolabes (see again 2). The Italian text—see below—indicates that there 
were originally three plates, but unfortunately gives no more information. 

The back has three sets of markings, the first original, the second added in al-Andalus, and 
the third either recently added on the instrument or added by Antonio on his drawing. Original 
are the altitude scale on the upper left, divided 5°/l°-5°, and the inscription on the rim of the 
upper right in kufi script (compare the engraving on the throne of 1.1): 
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i_ j > Qr - ( _ 5 lc. 4» n^-i 

“Constructed by ( sanaahu ) Khafif, apprentice of c All ibn Tsa.” 

The horizontal and vertical base diameters, as well as the three concentric circles all around 
the rim which bound the altitude scale and the inscription, are original. Also possibly original 
is the shadow square in the lower right, opposite the altitude scale; its scales are divided 2/ 
1 (base 12) and are unlabelled, being marked simply al-zill al-mabsut and al-zill al-mankus. 
Its diagonal is slightly more than one-half of the radius of the back; had it been longer, the 
Andalusl would have had problems inserting the additional scales. On the other hand, the 
shadow-scale may have been added by the Andalusl. 

The alidade is rectilinear and has a semicircular protrusion at the middle. The ends are ta¬ 
pered, and the vanes have one hole each. 

Additional markings 

First set. The concentric calendrical and solar scales cannot be original, although they appear 
to fit perfectly between the innermost of the outer three circles and the comer of the shadow 
square. (The later additions to the Brescia Byzantine astrolabe (Fig. XIIIa-4b) and Abbasid 
astrolabe in Florence (6) were less successful.) The calendrical scale is on the outside (unusual, 
if not unique?), and is divided 5 d /l d within each month, all having 30 days (unusual). The names 
of the months are written: 

yxyr fbryr m ’rs ‘xrxl m ’yh ywnbh ywlyh ‘ghst stnbr ‘ktwbr nwnbr djnbr 
The names of the zodiacal signs are standard but for the tell-tale al-taw’aman and al- c adhra\ 
which are attested on various Andalusl and Maghribi astrolabes (see, for example, § 1.3.6a- 
b of the Frankfurt catalogue). The script is awkward and seems to be a copy of an Andalusl 
kufi. The equinox is at March 15, which is typical of early Andalusl astrolabes. 

Second set: The arguments 5—10—5—... (1)20 have been added to the scale on the rim of 
the mater in Renaissance numerals. On the altitude scale on the back the arguments 5—10— 
...—90 have been added in the same way. 

Replacement parts 

The nut and bolt are clearly replacements. 

Text on the drawing (mainly after Scaglia and Saliba): 

Between the back and the mater: strolabio egyptizio da ritto et da verso, (an) Egyptian (sic) 
astrolabe from the front and back. 

Under the back: da questa banda sta lo alidada, the alidade is on this side. 

Under the mater: da questa banda si incapassa le tavole luna sopra all altra cioe tre tavole 
e di poi la ragna qui retro disegniate, the plates on this side are assembled one above the other, 
that is, three plates, with the rete then draughted on the other side of this sheet. 

On the alidade und beneath it: alidada', gli busi dello alidada colli quali sintraguarda sono 
tutti dal mezo in la come sta segniata, alidade; the holes of the alidade (through) which one 
looks all appear from the centre to the end, as indicated. 
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Next to the nut and bolt: vite femina; asse a vite quale se cingie le tavole et la ragna et lo 
alidado, female screw (nut); screw with which the plates, rete and alidade are held together. 

2 An undated astrolabe by Ahmad ibn Khalaf 

International Instrument Checklist #99. 

Paris, Bibliotheque Nationale, Departement des Cartes et Plans: inv. no. Ge. A.324. Acquired in Cairo 
by the Arabist Francois Jomard ca. 1835, and presented to what was then the Bibliotheque royale. 
Brass. Diameter: 129 mm. 

Bibliography: Sedillot-/;7.v made a mess of the readings on the plates (Memoire, pp. 172-174), and his 
misinterpretations were repeated in Gunther, Astrolabes, I, p. 230 (no. 99) (see pi. LII for the front 
and back and p. 232 for the star list). Gunther also confused da Schio’s pronouncements on 8.1 (#100), 
the next piece in his book, applying them to this piece and designating it “type of A.D. 950”. The 
information on the plates in London SM 1976 Exhibition Catalogue, p. 99, is also inaccurate, but 
Destombes, “Astrolabe carolingien”, p. 11, gives the correct latitudes. See Kunitzsch, Arabische 
Sternnamen in Europa, p. 60, on the dating. On the star-positions see Stautz, Mathematisch- 
astronomische Darstellungen auf mittelalterlichen Instrumenten, pp. 46-47 (no details). 

This astrolabe was made by Ahmad ibn Khalaf for Ja c far, son of (the Abbasid Caliph) al- 
Muktafi bi-Tlah. The instrument is undated but the Caliph ruled from 289 to 295 H [= 902- 
908], and his son lived from 294 to 377 H [= 906-987]. This Ja c far was much involved in the 
mathematical sciences and their bibliography. 62 Ibn al-Nadlm used a work by him as a source 
of his information. Also he collected some records of earlier observations, one of which, dealing 
with sunspots sighted during the year 840, survives. Furthermore, an Abbasid astronomer- 
mathematician dedicated a book on surds to Ja'far. Thus it was highly appropriate that one 
of the leading instrument-makers of Baghdad should make for him an astrolabe. 

I have no decent photos of this astrolabe: see Fig. 2. The throne is simple, with four lobes 
and one large hole on each side, and the suspensory apparatus with trowel-shaped arms attached 
to a smaller hole at the middle appears to be original. The rim of the mater is divided 5°/l°- 
5° (without hundreds). The mater bears no markings. 

The rete has an equinoctial bar that is rectilinear and the lower equatorial bar has three 
supports with a handle attached to the middle one. On the ecliptic each sign is divided into 
6°-intervals, and al-samaka is used for Pisces. Regulus is at Leo 15°. The rete is marked for 
the following 17 stars: 


62 See Suter, MAA. no. 142; Sezgin, GAS, V, p. 305, and VI, p. 61; and Goldstein, “Medieval Transit Reports”, 
pp. 51-52. 
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Fig. 2: An old photo of the astrolabe of Ahmad ibn Khalaf (#99). Maybe some time in the Third Millennium 
museums will stop taking photos of astrolabes with the alidades on the front. The BNF was unwilling to prepare 
new images without a great deal of hassle, offering me instead a new copy of this photograph; it was cheaper 
to make a copy in Frankfurt. Alas, no illustrations of the plates are available. [From Gunther, Astrolabes, pi. 
LII, opposite p. 230.] 


al-ghul 
al-dabaran 
rijl al-jabbar 
al- c ayyuq 
mankib al-jabbar 
al-yamaniya 


al-sha'amiya 
qalb al-asad 


al-ramih 

al-fakka 

[qaljb al- c aqrab 
rajs al-hawwa 
al-waqi c 

nasr al-tair [.szc] 
al-ridf 
mankib 
al-khadlb 
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The star-positions are, with one exception, accurate. The pointer for qalb al- c aqrab is blunt, 
as if broken, but in fact is too long (Stautz). 

The four plates are marked with altitude circles for each 6° of altitude. Two of these are 
associated with specific localities; two others lack values of the length of maximum daylight. 
This information may be summarized as follows: 


la 

21° 

Mecca 

13;18 ha 

[0] 

lb 

24 

- 

13;30 

[-1] 

2a 

29;55 b 

Misr c 

14 

[+2] 

2b 

31 

- 

14; 6 

[+3] 

3a 

34 

- 

- 


3b 

36 

- 

- 


4a 

37 

Harran 

14;36 

[0] 

4b 

39 

- 

15 

[+12 (!!)] 


The original value for the minutes has been obliterated, but the 18 is in the original 
hand 

55 without dots; could be read as 15; however, 29;55° is confirmed by the associated 
length of daylight 

Cairo was founded in 969; Misr here refers to Fustat 


The plates for latitudes 34° and 36° also bear azimuth circles above the horizon for each 10°, 
engraved up to altitude 84°. The arguments form a shape resembling a rounded M-shaped arch. 

This geographical information is not without interest. It is not clear why there is no plate 
for the latitude of Baghdad; I do not recall that one plate is missing. The maximum daylight 
values for latitudes 21° and 37° are accurate only for obliquity 23;51°, and it appears that this 
parameter underlies the rest, which are, however, less carefully computed. For latitude 39° the 
longest daylight is only 14;48 h rather than 15 h as stated; it cannot be that the minutes of latitude 
were omitted by mistake since the latitude of the fifth climate is closer to 41°. 

We should consider the distinctive latitude 29;55° for Misr in the context of the other values 
that were used before and after. The Arabic Misr can refer to any of Egypt, Fustat or Cairo, 
depending on the date and the context. 63 

Excursus: The latitude of Fustat-Cairo 

In the following, I have mainly relied on Kennedy & Kennedy, Islamic Geographical 
Coordinates, pp. 121-122 (Fustat) and 111-112 (“Egypt”), and I use the their three-letter 
abbreviations to denote their sources. 

The value 30;0° was used for “Babylon in Egypt” by Ptolemy (PTO), and was adopted by 


63 The new city of al-Qahira (Cairo) was founded in the year 969, but astrolabists thereafter (for example, 
in 1 l ,h -century al-Andalus) continued to use the expression Misr, meaning Misr al-Qahira, or Cairo-Fustat. See 
further the article “Misr” in EI 2 , especially pp. 146-147. 
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al-Khwarizml (KHU) and al-Battanl (BAT), as well as Ibn Yunus (YUN), who relied heavily 
on al-Khwarizml. 

Ibn Yunus stated that the generally-accepted value was 29°. From other sources, we know 
that this value 29;0° is associated with the late-8 th -century Egyptian astrologer Masha’allah 
(MSH YAQ). This is the reason why we cannot dismiss 29;15° as a copyist’s error for 29;55° 
(see below). 

Ibn Yunus has left us a delightful account of the way in which he demonstrated to two other 
astronomers that the latitude of Fustat was 30°, rather than 29°. Both these men, Ibn al-Tahhan 
and al-Labban! had measured it and convinced themselves that it was 29°. On the day of the 
summer solstice, using an astrolabe made by Hamid ibn ‘All al-Wasitl (see 8 ), Ibn Yunus 
showed them that the solar altitude was a little over 53° in the prime vertical and 83;35° in 
the meridian. Both these values implied a latitude of 30°. At the winter solstice he showed 
them that the shadow of a vertical gnomon confirmed that value. Ibn al-Tahhan then realized 
why the the shadow trace on the sundial he had erected in a mosque in the suburb of al-Qarafa 
failed to correspond to the markings he had made on it for latitude 29°. 64 

On the astrolabe of Ahmad ibn Khalaf the latitude of Misr can be interpreted 29; 15° or 29;55°. 
The two values are written identically if dots are omitted for the consonants representing 10 
(two dots below the carrier) and 50 (one dot above), although convention dictates that the 
reading would be 15 if there is no dot. 65 Now we find the distinctive value 29;55° for the first 
time in a set of tables attributed to al-Khwarizml (KHZ), but the reading 29; 15° is recorded 
in a manuscript of the Geography of Suhrab (SUH). Or was the original value 29; 15° and the 
better value 29;55° the result of a fortuitous misreading? 

The value 29;55° bears the hallmarks of having been computed rather than observed, that 
is, derived from the associated maximum daylight for the middle of the third climate, that is 
14 h , and an assumed value of the obliquity. But it was inaccurately computed (by medieval 
Muslim standards), and it is also several minutes too low for Fustat (modem Cairo is at latitude 
30°3'). 

This notwithstanding 29;55° occurs in several Islamic geographical tables as the latitude of 
Egypt / Fustat / Cairo. Thus, for example, it was used for Cairo by the 13 th -century astronomer 
al-Marrakushl (II-6.7), but only for the numerical examples in his major work on spherical 
astronomy and instrumentation. For his tables in this work, he used the more accurate value, 
30;0°, which was most widely accepted in later times. 


The back of the astrolabe is divided into four quadrants by two diameters but bears no 
markings other than scales from 0° to 90° on the rims of the upper two (the circles are continued 
below the horizontal diameter). The inscription at the middle of the right-hand scale continues 
with the dedication on the throne: 


64 Summarized in King, Ibn Yunus, §111-11.6 on pp. 101-102. For a complete translation see Schoy, “Arabische 
Methode ... ”, pp. 126-128. 

65 See the text to n. 66 below for this problem as it relates to letters. 
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“Constructed by Ahmad ibn Khalaf // for Ja'far ibn al-Muktafi bi-’llah”. 
Replacement parts 

The broad rectilinear alidade, horse and pin appear to be replacements, and the horse is broken. 
Note, however, that the alidade (not necessarily original) that once graced the Kuwait astrolabe 
of Nastulus (3.1) was equally ungainly. 

3 Nastulus and his two surviving astrolabes 

“Contradiction est une mauvaise marque de verite. Plusieurs choses certaines sont contredites. 
Plusieurs fausses passent sans contradiction. Ni la contradiction n’est marque de faussete ni 
Fincontradiction n’est marque de verite.” Blaise Pascal, Pensees, cited in Y. Maeyama, Studies, 
p. 526. 

We shall here discuss the oldest dated Islamic astrolabe. Whilst several earlier Abbasid 
instruments survive, they are undated. In any case, it should be borne in mind that Muslims 
had been making astrolabes for about 150 years before this one was made. The maker signed 
himself simply as Xastulus, where x denotes a letter that can be read as ba or nun (or ta or 
tha or yd 3 ). 66 An astrolabe mater signed in the same way but undated is preserved in Cairo. 

The maker’s full name—Muhammad ibn 'Abdallah known as B/Nastulus—is found in the 
manuscript sources, and in 1974 Alain Brieux and Francis Maddison proposed the reading 
Bastulus, derived from Greek apostolos. 61 In 1978 Fuat Sezgin, in the astronomy volume of 
his monumental Geschichte des arabischen Schrifttums, presented all of the bio-bibliographical 
information available on “Nastulus (vielleicht: Bastulus?)”, the dubious alternative inspired by 
the thesis of Brieux and Maddison. 68 Also in 1978, I presented the evidence for the reading 
Nastulus. 69 The most striking was that apostolos in any form would be a singularly inappropriate 
appellation for a Muslim named Muhammad ibn 'Abdallah, the same name as the Prophet 
(apostolos = rasul ) of Islam. In 1983, Paul Kunitzsch and I showed that Nastulus was an 
acceptable variant of the attested Christian Arab name Nasturus. 70 This notwithstanding, the 
erroneous name Bastulus continues to be used by the Kuwait Museum. Worse still, our man 
has been baptized as “Muhammad Bastulus Asturlabl” in the new bio-bibliographical source 
book for Islamic science by Boris Rosenfeld and Ekmeleddin ihsanoglu, with the explanation: 
“Bastulus is a distortion of the word Apostolos, Nastulus is a further distortion of this name, 
differing from Bastulus only by a dot over the first letter.” 71 There is now no way to arrest 
the propagation of this mis-information. 


66 See the text to n. 65 above for this problem as it relates to numbers. 

67 Brieux & Maddison, “Bastulus or Nastulus?”. 

68 Sezgin, GAS, VI, pp. 178-179 and 288. 

69 King, “Nastulus/Bastulus”. 

70 King & Kunitzsch, “Nastulus”. 

71 Rosenfeld & ihsanoglu, MAIC, p. 69 (no. 152), taken over from Matvievskaya & Rosenfeld, MAMS, II, 
p. 126 (no. 96a). Inevitably, our man is named Bastulus in the new Meshed “edition” of al-Blrunl’s Istiab (p. 
122 ). 
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Nastulus is also known to have devised several varieties of astrolabe and eclipse-calculators. 
Ibn al-Nadlm mentions Nastulus as one of the leading astrolabists of his time, and it is clear 
that he worked in Baghdad. N/Bastulus is mentioned by the 10 th -century bibliographer Ibn al- 
Nadlm, and already Gustav Fliigel, who edited his Fihrist in 1871, had problems with the name, 
which is corrupt in all the manuscripts. 72 al-Blrunl mentions N/Bastulus in his own work on 
the construction of different kinds of astrolabes entitled al-Istiab. al-Blrunl’s section on this 
subject was first discussed by Joseph Frank and Eilhard Wiedemann in 1920. 73 al-Blrunl’s 
discussion was in turn used by the 13 th -century Cairo astronomer Abu ‘All al-Marrakushl in 
his summa entitled Jami c al-mabadi wa- ’l-ghayat. al-Marrakushl’s section on unusual astro¬ 
labes was first discussed by L. A. Sedillot in 1844. 74 

A “new” source for the history of the astrolabe in Islam, which has yet to be studied properly, 
is the treatise on the construction of unusual astrolabes by the 10 th -century mathematician, 
astronomer, and astrologer Ahmad ibn Muhammad ibn c Abd al-Jalll al-Sijzl. 75 His treatise on 
the astrolabe exists in a unique copy MS Istanbul Topkapi A3342, fols. 123r-153v and 114r- 
122v, copied in Damascus in 634 H [= 1236-37] and discovered by Max Krause in 1932. 76 
It was the main source of al-Blrunl, and hence, indirectly, of al-Marrakushl. al-Sijzl’s treatise 
is far more detailed than both, and shows that we should not dismiss these astrolabes, as did 
Henri Michel, as “une coquetterie geometrique”. 77 

al-Sijzl in the section of his treatise dealing with the astrolabe called al-musartan with a crab¬ 
shaped ecliptic on the rete, 78 states that the first person to design such an instrument was 
“Muhammad ibn ‘Abdallah, known as Nastulus”. He adds that Nastulus “invented the hours 
drawn on the face of the alidade and the operation with the azimuth on the back of the 
astrolabe”. al-Blrunl in his treatise on shadows, Ifrad al-maqal fl amr al-zilal, describes alidades 
marked with graduations for the hours, but does not mention N/Bastulus in this connection. 79 
The relevant passage in al-Sijzl’s treatise translates (fol. 150r): 

“The musartan astrolabe, which is (also called) al-mushajjar —fitted with designs of 
plants (?)—is better and more beautiful than all other kinds of astrolabes. I think that 
Muhammad ibn ‘Abdallah known as Nastulus was the first to construct this. He was 
skillful and clever in devising astronomical instruments, and had a good hand for 
making them. He also invented the hours drawn on the face of the alidade and the 
operation with the azimuth on the back of the astrolabe.” 
al-Blrunl in the Istiab repeats al-Sijzl’s statement about N/Bastulus being the first to design 
a musartan astrolabe but without the additional biographical information (MS London B.L. 
Or. 5593, fol. 36v, copied about 700 H [= 1300]): 80 


72 Ibn al-Nadlm, al-Fihrist, p. 26, notes to p. 285 of Fliigel’s edition. 

73 Frank, Zur Geschichte des Astrolabs, pp. 9-10; and Wiedemann, Aufsatze, II, pp. 516-541. 

74 Sedillot-//7.s\ Materiaux, pp. 181-183. 

75 Sezgin, GAS, V, pp. 329-334; VI, pp. 224-226; and VII, pp. 177-182. 

76 Krause, “Stambuler Handschriften”, pp. 468-469 (no. 185). 

77 Michel, Traite de Vastrolabe, p. 69. 

78 Frank, Zur Geschichte des Astrolabs, pp. 13-17; Michel, Traite de Tastrolabe, pp. 69-71; and Charette, 
Mamluk Instrumentation, p. 69. 

79 al-Blrunl, Shadows, transl., I, pp. 238-240, and II, pp. 149-150. 

80 Wiedemann, “Instrument.”, p. 13; and Frank, Zur Geschichte des Astrolabs, p. 13. 



472 


PART XIIIc 


“The musartan astrolabe is composed of these two combinations (of the northern and 
southern astrolabe projections), and is (the most) famous amongst the other (such) 
combinations. Its invention is attributed to Bastulus. Abu SaTd Ahmad ibn Muhammad 
ibn 'Abd al-Jalll wrote a book on the rules for mixing the northern astrolabe with the 
southern one ... .” 

However, elsewhere in the Istfab al-Blrunl mentions N/Bastulus as one of the persons who 
worked on instruments for determining eclipses (MS London B.L. Or. 5593, fol. 84v): 81 

“ ... The construction of the eclipse plate. (Both) Bastulus al-Asturlabl and al-Hasan 
ibn Muhammad al-Adaml were concerned with the eclipse plate, and it was perfected 
by 'Utarid ibn Muhammad al-Hasib ... .” 

This passage is not found in the treatise of al-Sijzl. The name in the London manuscript of 
the Istfab is written Bastulus, and, according to Wiedemann, the reading is Bastulus in MS 
Berlin Ahlwardt 5796 of the Istfab and Nastulus in MS Leiden Universiteitsbibliotheek Or. 
591. al-Marrakushl does not mention N/Bastulus either in his section on the musartan astrolabe 
or in his section on eclipse computers. 

Another treatise on the astrolabe, which differs from the Istfab but is also based on the 
treatise of al-Sijzl and is attributed to al-Blrum, states (MS Paris B.N.F. ar. 2498, fol. 6r): 82 
“Abu SaTd Ahmad ibn Muhammad ibn c Abd al-Jalll al-Sijzl followed the example 
of N/Bastulus in inventing numerous types of (astrolabes) ... .” 

Thus the earliest available textual evidence gives the name as “Muhammad ibn 'Abdallah, 
known as Nastulus”. Fuat Sezgin, however, lists him as Muhammad ibn Muhammad, known 
as Nastulus. 83 In any case, it is clear that the man was a Muslim. 

In 1983, during the official opening of the new Kuwait Museum of Islamic Art, which 
institution had purchased the dated astrolabe of Nastulus from Alain Brieux, I discussed the 
curious name with the late Dr. Martin Hinds of Cambridge University. He suggested that it 
might refer to the Christian sect of the Nestorians, and Paul Kunitzsch was able to confirm 
this. The name Nasturus was a name actually in use in 10 th -century Egypt. One 'Isa ibn Nasturus 
was vizier to the Fatimid caliph al-'Azlz, for a short time only (385-386 H [= 995-996]) before, 
under that caliph’s successor, al-Hakim, he was put to death, apparently in the same year 386 
H [= 996]. 84 Furthermore, there was also Zur'a ibn 'Isa ibn Nasturus, apparently a son of the 
preceding, and also a Fatimid vizier. 85 Here we have a well-documented name, Nasturus, used 
by Christian men in Egypt in the 10 th century. It seems clear, at least to a couple of Arabists 
with a background in comparative Semitic philology, that the name Nastulus, on the two 
astrolabes and in the sources cited above, is just another form of the name Nasturus, changed 
for ease of pronunciation from -ms to -lus (by a sort of “dissimilation”). 86 This would mean 


81 al-Blrunl’s eclipse computer is described in Wiedemann, “Instrument.”, and now Hill “al-Blrunl’s 

Mechanical Calendar”. 

82 Sezgin GAS, VI, p. 269 (no. 11); Cairo ENL Survey, no. B78 (4.3.5). 

83 Sezgin, GAS, VI, pp. 178-179. 

84 For references, see EI 2 , I, pp. 823b and 824b {sub al-'Aziz); II, p. 858a {sub Fatimids); and III, p. 77a 
(sub al-Hakim). 

85 EI 2 , II, p. 858a {sub Fatimids). 

86 For the sound shift from “r” to “1” in Arabic and other Semitic languages see Brockelmann, Grundriss 
der vergleichenden Grammatik der semitischen Sprachen, I, pp. 221 (§84 b, la), 223 (§84c, and §84d, 1(3), 
and 228-229 (§84m, 1(3). 
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that Nastulus was a normal and acceptable form parallel to Nasturus. I was unable to find any 
name Nasturus or Nastulus in Georg Grafs monumental Geschichte der christlichen arabischen 
Literatur (1944-51). The closest I came was a family name Busturus in 19 th -century Lebanon. 863 
The name is unpointed because Graf was citing French bibliographical works: presumably, it 
was written Busturus in Arabic. With this piece of evidence, we have come a complete circle; 
certainly, we have not advanced. 

3.1 An astrolabe dated 315 H 

International Instmment Checklist #3501. 

Kuwait, Islamic Archaeological Museum (Dar al-Athar al-Islamiyya), inv. no. LNS 36M. Purchased 
in the 1970s from Alain Brieux, Paris, who is quoted by G. Ifrah as having said that it once belonged 
to King Farouq of Egypt. 87 Exhibited at the “Festival of Islam” in London, 1976, and at a series of 
museums in Europe and the US between August, 1990, and May, 1994. (This instmment was not stolen 
in the autumn of 1990 because it was on loan in the U.S.) 

Brass. Diameter: 173 mm. Thickness: 4 mm. 

Bibliography: London SM 1976 Exhibition Catalogue (unpublished), pp. 99-100; Brieux & Maddison, 
“Bastulus or Nastulus?”; King, “Nastulus/Bastulus”; King & Kunitzsch, “Nastulus”; and the following 
Kuwait catalogues: NM 1983, p. 39 (with colour photo of front); NM 1984, pp. 8-9; DAI 1989, p. 15 
(also colour illustration on front cover). On the star-positions see Stautz, Mathematisch-astronomische 
Darstellungen auf mittelalterlichen Instrumenten, pp. 46-47 (no details). 

The throne and rim are cast as one, and to this the back is rivetted in several places. The throne 
has three shallow lobes and a small hole on each side close to the central one, and the suspensory 
apparatus is a neat shackle with trowel-shaped arms and a circular ring. The scale on the rim 
is divided 571°-5° (without tens and hundreds), and the mater is devoid of markings except 
for a peg to hold the plates at 0.66 of the radius below the centre. 

The rete has a rectilinear equinoctial bar, its upper side representing the axis. There is a 
/ \ -shaped support below the rather large central disc. On the right-hand support of the lower 
equatorial bar (which lies outside the equator) is a handle. There is a small hole on the pointer 
for al-waqi, also found on 5, 6, 9, 10, and apparently intended to represent the pole of the 
ecliptic. (I know of no textual references to such markings, though see Fig. 10.6a.) The star- 
pointers are dagger-shaped, and the position of Regulus is about Leo 13°. On the ecliptic the 
signs are divided into unlabelled 6°-intervals and al-samaka is used for Pisces. The 17 stars 
represented are as follows: 


ras al-ghul 
c ayn al-thawr 
a I- c ayyuq 


al-simak al-ramih 


munir al-fakka 
qalb al- c aqrab 
ras al-hawwa 


rijl al-jawza 
yad al-jawza 
al-yamaniya 


al-waqi c pointer has small hole 


86a Graf, GCAL, IV, pp. 294, 303, 314.. 

87 Ifrah, Histoire des chiffres, I, 589, Engl, transl. p. 287. 
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Figs. 3.la-d: (a-b) The front and back of the Kuwait 
astrolabe of Nastulus (#3501). 

(c) The inscription on the earliest dated Islamic 
astrolabe. 

(d) The plate for latitude 33° (serving Baghdad) in 
the astrolabe of Nastulus. 

[Photos courtesy of the Dar al-Athar al-Islamiyya, 
Kuwait.] 

c 



al-shaamiya 
qalb al-asad 


al-nasr al-tair 
al-ridf 

mankib al-faras 
al-kaff al-khadlb 


The star-positions are astoundingly accurate (Stautz). 

The single plate bears altitude circles for each 6° (and no azimuth circles) for the following 
latitudes ( c ard — saatuhu —): 

la 


lb 


33° 

36 


14;13 h 
14;30 


[ 0 ] 

[ 0 ] 
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The values of the lengths of longest day are correct only for the Ptolemaic value of the obliquity. 
The altitude arguments are labelled not only between the equator and Capricorn but also 
between radial marks on the outer rim of the plate, as are the seasonal hours, so that at least 
some of these are always visible at the open part of the circumference of the rete. This feature 
is otherwise attested only on the instrument of the brothers al-Isfahanl (see 10). The latitudes 
represented on the plate would serve Baghdad (and Damascus), and Mosul (and Rayy) or, more 
probably, the middle of the fourth climate. There is no room for any more plates. 

The back of the throne bears the inscription: 


4jUuo I d ^ l-i i 4 » n ^ 


“Constructed by Xastulus in the year 315 (Hijra) [= 927/28].” 

Below are four altitude scales divided 5°/l°-5° and there is a shadow-scale (to base 12) divided 
5/1 and labelled for each 5 units up to 45 inside the altitude scale on the lower right. There 
are no other markings on the back (apart from the shadow of the alidade). 

The original alidade, horse and pin are missing but the surface on the back has been 
discoloured by a rectilinear alidade of unduly large width (1.8 cm)—compare 2. 


3.2 An undated astrolabe mater with a gazetteer (with various Mamluk Egyptian additions) 

International Instrument Checklist #1130 (dated 714 H) = #4023. 

Cairo, Museum of Islamic Art: 15351. Formerly in the Harari Collection (no. 400). Earlier provenance? 
Brass (with reddish patches showing on the back). Diameter: 130 mm. Thickness: 4 mm. 
Bibliography: Musaylahl, al-Asturlab, p. 56, and pis. 4-6 (signature and front of mater only); Kunitzsch 
& King, “Nastulus”, p. 343, n. 1 (maker identified by Alain Brieux). 


The throne is low, raised, with three lobes on each side that look as though they have been 
filed down, and it is pierced by three holes, the middle one smaller than the other two. The 
suspensory apparatus that would have been attached to the middle hole is missing. The scale 
on the rim of the front of the mater has been almost erased, apparently by use: it is divided 
5°/l°-5° (without hundreds or tens). The back is separate from the rim, attached by rivets of 
which only one is visible. There is a later inscription on the front of the throne—see below. 

The mater bears a gazetteer, unique of its kind on early instruments, and not known from 
any textual sources. 88 The information contained in it is therefore of considerable historical 
interest—see below. There is a pin at the bottom of the inside of the mater to hold the plates. 

On the back of the throne is the simple statement: 

1 ir - * ^ ** ^ 1 **i 

“Constructed by Xastulus.” 


88 This table is already edited in King, “Geography of Astrolabes”, pp. 29-31, but is not included in the new 
version in XVI. 
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Figs. 3.2a-b: (a) The mater with gazetteer on the Cairo astrolabe of Nastulus (#1130 = #4023). (b) The later Mamluk 
inscription on the front of the throne. [All photos courtesy of the late Alain Brieux.] 







478 


PART XIIIc 




Figs. 3.2c-d: (c) The back of the Cairo mater of Nastulus (#1130 = #4023), with later horary markings for the 
latitude of Cairo and a table for the Coptic calendar, (d) The maker’s signature on the back of the throne. 
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There are two altitude scales divided 5°/l°-5°, both badly worn. The two upper quadrants bear 
a double trigonometrical grid with radii for each 5° and both horizontal and vertical parallels 
for each 5 units. There is a dotted semicircle with radius 24 units for finding the solar 
declination. The arguments 5—10—...—60 are written along the horizontal and vertical axes. 
On the lower right rim there is a shadow-scale (base 12) divided 5/1-5 up to 50 and marked 
zill al-asabi, and inside this is an unmarked solar declination scale divided 5/1-5, the arguments 
at the end being written 20—23—35. This indicates that Nastulus favoured 23;35° for the 
obliquity. Inside these scales is a universal horary quadrant with the midday curve marked qaws 
al-zawal li-kull c ard afaqiyya. On the lower left rim there is a badly-worn shadow-scale marked 
zill al-aqdam, and inside this there is an unmarked scale for the altitude of the sun at the c asr, 
divided 5°/l°-5° up to 45°. Inside this is a second scale for the asabf , to which has been added 
the word mukarrar, “repeated”. The other markings are later additions—see below. 

There is no alidade. 

The gazetteer 

The localities and their latitudes, clockwise from the top, are listed below. The single-letter 
abbreviations for sources listed below are used instead of the three-letter ones used in Kennedy 
& Kennedy, Islamic Geographical Coordinates. For more details, the reader must consult the 
Kennedys’ publication. Since the majority of the latitudes presented by Nastulus agree with 
what one could expect from the geographical table of al-Khwarizml, my main task has been 
to find possible sources for those that do not. The symbol 0 indicates that there is no value 
in source K (see below). Values that round to those given by Nastulus (he appears to have 
favoured rounding 30' downwards) and which may have been used by him are printed in bold 
font. Entries marked © are discussed further in the notes after the tables. Particularly 
problematic entries are boxed. 


Symbol 

Source 


A 

ATH 

The ll th (?)-century Iranian table labelled Kitab al-Atwal wa-’l- c urud 
(clearly some entries in our table are derived from one of its early 
sources) 

B 

BAT 

al-Battanl (ca. 910) 

G 

BAG 

al-Baghdadl (ca. 1280), derived from B and related to Q 

H 

HAB 

Habash al-Hasib (ca. 850)—see nos. 1 and 2 below 

K 

KHU 

al-Khwarizml (ca. 825), the major source for our table 

K+ 

- 

Variant readings of K (Kb: KHU BAT; Kh: KHU HON; Kr: RSM FID; 
Kz: KHZ) 

M 

MSH 

Masha'allah (ca. 780), only for Egypt 

P 

PTO 

Ptolemy, from which K is ultimately derived 

Q 

QBL 

al-Dimyatl (Cairo, 12 th (?) century), based on earlier sources, related to 
B and G 

s 

SUH 

Suhrab (Baghdad, 10 th century), based on K 

T 

SAA 

Ibn SaTd al-Maghribl (Maghrib, 13 th century) 

Y 

YUN 

Ibn Yunus (Cairo, late 10 th century), based mainly on K 

Z 

- 

most or all (other) early sources (to ca. 950) 
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Locality 


<\> Comments 

1 Medina 

24° 

K-Z-B 25;0°— H 24;0° 

2 Mecca 

21 

K-Z-H 21 ;0 

3 Tiflis 

41 

K 0—Z 42;0 / 43;0 

4 Qum 

35 

K-Z 35;40—B 36;0—A 

34;45 

5 Nishapur 

37 

K 37;0 

6 Shustar 

32 

K 0—A 31 ;30 

7 Istakhr 

32 

K 32;0 

8 Farama 

31 

K-B 3 1 ;30—S 31;20 

9 Alexandria 

31 

K 31;5 

10 Ifriqiya 

36 

K 0— B 31 ;0—® 

11 Massisa 

36 

K 36;0 

12 Adana 

35 (!) 

K 0—Z 36;45 / 36;50 

13 Tarsus 

36 

K 36;55—S 37;35— Y 
36;15— © 

14 Nihawand 

34 

K-Z 36;0—A 34;30 

15 Hulwan 

34 

K 34;0 

16 Baghdad 

33 

K 33;9—Kz 33;0—S 

33;25 

17 Samarra 

34 

K 34;0 

18 Tikrit 

34 

K 0— S 35;8— A 34;30 

19 Haditha 

35 

K 34;20 (Ana)—S 32;0 
(al-H)—A 33;35 / 36;0— 

© 

20 Mosul 

35 

K-Z 35;30 

21 Balad 

36 

K 36;20 

22 Erzerum 

37 

K 0—Kr 39; 15—A 41;0 

23 Akhlat 

37 

K-Z 39;50 

24 Mayyafariqin 37 

K 37;55—Kh 37;15— 0 

25 Amid 

35 

K 0—Kb 37;52—S 

34;40 —A 37;0 

26 Tell Mawzan37 

K 0—B-Q 37;0—© 

27 Ra’s al-‘Ayn 37 

K 37;0 

28 Nisibin 

36 

K 36;0 

29 Hit 

33 

K 33;15 


30 

Ana 

34 

K 34;20 

31 

Qarqisiya 

35 

K 35;20 

32 

Raqqa 

36 

K 36;0 

33 

Damascus 

33 

K 33;0 

34 

Edessa 

37 

K 36;40 

35 

Harran 

37 

K 36;40 

36 

Aleppo 

34 (!) 

K-S 34;30— Kz 33;30—A 
35;50 

37 

Manbij 

35 

K-Kz S 35;30 

38 

Antioch 

35 

K 34; 10—Kz 33; 10—S 

35;0 

39 

Balis 

36 

K 36;0 

40 

Homs 

33 

K-S 34;0—Kz 33;10 

41 

Ascalon 

33 

K 33;0 

42 

Tiberias 

32 

K 32;0 

43 

Ramla 

32 

K-S 32;40—Kz 32;15 —A 
32;10 

44 

Jerusalem 

32 

K 32;0 

45 

Gaza 

32 

K 32;0 

46 

Fustat 

30 

K 30;0 

47 

Tinnis 

31 

M 31 ;0 —K-Kr 31;40—S 
32;30—A 30;40—© 

48 

Kairouan 

31 

K-S-A 31 ;40—T 31;0—© 

49 

Dinawar 

34 

K 0—S 34;0 

50 

Hamadan 

35 

K-Kz-S 36;0—A 35;0 

51 

Qazwin 

37 

K 37;0 

52 

Isfahan 

34 (!) 

K-Kr-Kz 34;30 —S 34;0— 
A 32;40 

53 

Rayy 

35 

K-Kr-Kz 35;45—S-A 
35;35 

54 

Ardebil 

36 

K 0—S 40;0—A 38;0—G 
36;0—© 

55 

Kirman 

30 

K 30;0 

56 

Shiraz 

31 (!) 

K-Kz 32;0—S 31;0 

57 

Fars 

32 

P 33;20—K 0— B 32;0— 
© 

58 

Sus 

32 

K-B 34;0—A 32;15 

59 

Ahwaz 

32 

K 32;0 

60 

Basra 

31 

K 31;0 

61 

Wasit 

32 

K 32;20 

62 

Mada’in 

32 

K-S 33;0—B 35;55—A 
33; 10 

63 

Babil 

32 

P-B 35 ;0—K 0—A 32;15 

64 

Kufa 

32 

K-Kz 31;50 
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Notes: 

10 This is the first of two entries for provinces rather than cities (see also no. 32). K has 33;0° for Tunis and 
31° for Kairouan (see no. 48). 

13 <|>: 36° could have been derived from 36; 15° and the value we have for K is perhaps a copyist’s error (see 

also no. 24). 

19 There are three localities in Iraq called Haditha and the sources are confused. A is the first to distinguish 
between those on the Euphrates and Tigris, giving 33;35° and 36;0°, respectively (modern 34°9' and 35°59')- 
24 <|>: 37° could have been derived from 37;15° and the value we have for K is perhaps a copyist’s error (see 
also no. 13). 

26 Only B and Q give this value, and the locality does not occur in any other source. 

32 This is the second entry for a province (see no. 10), and al-Battani can hardly have been to Fars to measure 
its latitude. 

47 KKrS have Tinnis in the Med, M is not bad for the 8 th century, A is too low (modern 31 ° 15'). 

48 T is a 13 <h -century table, and perhaps this value occured in one of its sources. 

Thus most of the entries are taken from al-Khwarizml, rounded where necessary. The purpose of 
this table was to show which plates one should use in the various localities. Alas, no plates survive 
in this piece. 

Later additions 

An inscription on the front of the throne in naskhl script inlaid with silver translates: 

V 1 £ Alui * ''• all Lxallnll 

“By order of al-Taybugha al-Tzzl on the first day ( mustahill) of 
Dhu T-Qa c da of the year 714 (Hijra) [= 1314/15].” 
al-Taybugha is a well-known scholar who authored several books on astronomical instru¬ 
ments. 89 We may assume that al-Taybugha ordered a new rete and plates to be fitted to this 
mater, alas now lost. The other markings on the back were probably also added at his bidding, 
although they are not a total success. 

Two rather unhappy sigmoid “curves” are engraved on the universal horary quadrant, starting 
some way out and ending at declination approximately 12;20° and 8;30° on the unmarked solar 
declination scale. These appear to represent the solar altitudes at midday and the beginning 
of the c asr prayer for latitude 30° (Cairo), but there is no associated solar longitude scale. On 
tables from medieval Cairo displaying the altitude of the sun at midday and the c asr see II- 
4.3c and 4.9. It is not clear whether or not the second shadow-scale to base 12 is original. 

Inside this shadow-square, there is a table, so badly worn that most of the entries are barely 
visible, let alone legible. The format (12 lines of entries and an additional note at the bottom) 
and the few visible entries indicate the nature of the table. All that I can see of the entries 
is: 

l s 1 

l s 8 

/ s 1 


89 Brockelmann, GAL, II, p. 135, and SII, p. 167; Azzawi, Astronomy in Iraq, pp. 171-172; and Cairo ENL 
Survey, no. C53. His treatise on archery is published as Saracen Archery ... by Derek Latham and W.F. Paterson, 
London, 1970. 
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[/] 


3 

Bashans 

20 

[/] 


4 

Ba’una 

21 

/ 


? 

Abib 

22 

/ 


? 

Misra 

23 


In the lower left can be read nasi (for the five intercalary days) and then a “5” (?), which is 
unrelated to the purpose of the table. The numerals are written in Hindu-Arabic numeral forms, 
and the letters in a rough naskhl script. This table may be compared with similar ones on the 
13 th -century Cairene astrolabes (from §1.5.8-9 of the Frankfurt catalogue), although some 
problems remain. 

Excursus: 

A comparable table occurs on two 13 th -century Egyptian instruments with both Arabic and 
Coptic inscriptions (Figs. 3.2e-f). It is the numerals that are in cumbersome notation of the 
Coptic functionaries. 90 

#4036 An astrolabe with silver and gold inlay by Hasan ibn c Umar al-Naqqash dated 681 
H [= 1282/83], preserved in the Turk ve Islam Eserleri Muzesi (Museum of Turkish 
and Islamic Archaeology), Istanbul, 91 and 

#107 A curious (and somewhat absurd) astrolabic plate by Hasan ibn 'Alt dated 681 H 
[= 1282/83] and preserved in the Museum of the History of Science at Oxford. 92 
The maker can hardly be the celebrated contemporaneous Cairo astronomer Abu 
c All Hasan ibn c Al! al-Marrakushl (II-2.7 and 6.7). 93 
In the lower left quadrant of the back of the former, there is a table labelled: 

“Use of this blessed table for finding the degree of the sun 
arranged according to the months of the Copts.” 

The table, which I shall label A, contains information of the form: 

lam sin S n M 

where lam sin is an abbreviation for tanzilu ‘l-shams, S is the last letter of the name of a zodiacal 
sign, n is a Coptic numeral, and M is the last letter of the name of a Coptic month. The 
combination means that the sun enters sign S on day n of Coptic month M. Beneath the table, 


90 Ifrah, Histoire des chiffres, II, pp. 274-275 (dropped from the English version). The Coptic alphanumerical 
notation, on the other hand, is sensible: see ibid., I, p. 541. 

91 See Nasr, Islamic Science, p. 120 (plate 73) (with a caption on p. 243: “Seljuk astrolabe of the 6th/12th 
century” (!)); and King, Mecca-Centred World-Maps, pp. 76-78 and 600-602, on the gazetteer and the many 
associated problems. 

92 Gunther, Astrolabes, I, pp. 239-240 (no. 107); and Mayer, Islamic Astrolabists, p. 48. 

93 This assertion is made in my EI 2 article “al-Marrakushl”. Francois Charette is (rightly) of the opinion that 
this article did not give enough credit to al-Marrakushl for all of the original material that is in his book. See 
his forthcoming article al-Marrakushl in BEA. 
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Fig. 3.2e: The table on the back of the 
astrolabe of Hasan ibn ‘Umar al-Naq- 
qash (#4036). Note the entries in silver 
inlay. [Courtesy of the Turk ve Islam 
Eserleri Miizesi, Istanbul.] 


Fig. 3.2f: The tables on the back of an astrolabic plate by Hasan 
ibn ‘All (#107). [Courtesy of the Museum of the History of Science, 
Oxford.] 


upside down, is the word nasi, referring to the epagomenal days after month ya = Misra. 

On the back of the latter instrument, illustrated by Gunther, there are two tables of the kind. 
In the one on the left (which I label B) the abbreviations lam sin are used, in the one on the 
right (C) the words tanzilu ‘l-shams) are written out in full. In both the names of the zodiacal 
signs are written in full. In B, abbreviations are used for the names of the Coptic months, and 
in C, the names are written out. Both tables begin with Virgo so that the epagomenal days 
are mentioned in the first line rather than the last as in A. The information in both tables is 
identical but differs slightly from that in A. 

The information in these three tables A, B and C is summarized in the following table, in 
which the Roman numerals relate to the Coptic months starting with Tut. The last column, 
labelled R for recomputation, shows the actual days when the sun enters the signs reckoned 
from a contemporaneous Egyptian table of the solar longitude as a function of the date in the 
Coptic calendar, found in the treatise of Abu c All al-Marrakushl. 94 Where two days are given, 
the transfer occurs close to midnight and the one underlined is the “actual” day, found by 
interpolation, an operation that would have been beyond our astrolabists. 


Sign 

Month 

A 

Day 

B/C 

R 

Libra 

Tut 

19 

18 

19 

Scorpio 

II 

19 

18 

19 

Sagittarius 

III 

19 

18 

19 

Capricorn 

IV 

18 

18 

18/19 


94 Sedillot-pere, Traite, I, pp. 136-137. 
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Aquarius 

V 

Pisces 

VI 

Aries 

VII 

Taurus 

VIII 

Gemini 

IX 

Cancer 

X 

Leo 

XI 

Virgo 

Misra 
epag. days 


18 

18 

18 

17 

18 

18 

17 

18 

18 

18 

19 

19 

20 

20 

20 

21 

21 

21 

22 

22 

22/23 

23 

23 a 

23/24 





a In B there is an associated symbol that I cannot interpret. 

In brief, then, the remains of the table on the back of the Cairo mater are in the tradition of 
the kind of table represented by A-C. 95 I find it curious that this kind of table does not seem 
to be found in Coptic or Ethiopic calendrical compilations. 96 More serious astronomers would 
have engraved (and did engrave) annular scales showing the correspondance between the solar 
longitude and the solar months. 

4 An undated astrolabe mater by Muhammad ibn Shaddad (al-Baladl) (with a replacement 
Maghribi rete) 

International Instrument Checklist #1179. 

Present location unknown, presumed destroyed. In 1864 this piece was in the possession of the 
orientalist Dr. Johann Gottfried Wetzstein of Berlin, who during 1848-62 had been Konsul in 
Damascus. 97 (I have consulted the Deutsche Staatsbibliothek in Berlin (formerly Berlin-West) and the 
Universitatsbibliothek in Tubingen on the NachlaB Wetzstein, in both cases to no avail.) 

Brass. Dimensions unknown. 

Bibliography: Dorn, “Drei arabische Instrumente”, pp. 115-118, with an illustration of the back on 

p. 116. 

The maker is known to us as a disciple of Nastulus. Ibn al-Nadlm lists him as Muhammad 
ibn Shaddad al-Baladl , that is, from al-Balad, a town on the Tigris near Mosul. Because of 
the orthography of the star-names (one dot below the line for fa ’ and one above for qaj ), Dorn 
thought that this was a Maghribi piece. However, he did note that sin was used for 60 on the 


95 For a sets of dates for the entry of the sun in the signs in the Syrian calendar see King, “Early Islamic 
Lunar Crescent Visibility Tables”, pp. 218-219. 

96 Neugebauer, Abu Shaker’s Chronography , and idem , Ethiopic Astronomy and Computus. It should be 
remembered that the most (or only?) significant medieval work on mathematical astronomy written by a Copt— 
the astronomical tables of Ibn al- c Assal—has never been studied. See Cairo ENL Survey , no. CIO. 

97 See further Fuck, Arabische Studien in Europa , p. 191. 
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A 



Fig. 4: The back of the lost astrolabe of Muhammad ibn Shaddad (al-Baladl) (#1179). [From Dorn, “Drei 
arabische Instrumente”, p. 116 


scales as opposed to sad. In fact, only the rete is of Maghribi provenance, and it was clearly 
a replacement—see below and also § 1.6.23b of the Frankfurt catalogue. 

No information is available on the size or the shape of the throne. The scale on the rim was 
divided 5°/l°-5° (without hundreds). 

The rete—see below—was soldered onto a single plate for latitude 11°, stated to be for Aden, 
but the value of maximum daylight promised there is obscured by the rete (art/ c adan y’ 
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saatuhu —). On the other side were markings for latitude 21° corresponding to Mecca with 
maximum daylight 13; 19 h . This value corresponds only to obliquity 24° and is in error by +1' 
for obliquity 23;51°. Dorn gave no information on the altitude circles, and presumably there 
were no markings on the mater. 

The back bears two altitude scales divided 5°/l°-5°. The upper left quadrant displays 
horizontal and vertical parallels for each 5° up to 80°, and the upper right one only 
corresponding horizontals. In the lower right quadrant there is a shadow square bounded by 
a diagonal shadow-scale (unusual), both serving base 12. The scales on both are divided for 
each digit and are unlabelled. There is additional scale on the rim for horizontal shadows to 
base 12 divided 5/1-5 up to 50 digits. In the lower left quadrant there is a uniform horizontal 
scale for measuring horizontal shadows to base 7, parallel to the horizontal axis and marked 
zill al-aqdam. The lower side of this scale, on which the shadow is to be measured, is 7 units 
below the axis, where the length of the graduated scale is 30 units. This was clearly intended 
to be used in conjunction with the altitude scale in the upper right quadrant; an alidade would 
show, for example, that the shadow corresponding to altitude 45° was 7 feet. This feature was 
introduced by al-Khwarizml and is otherwise attested only on a late ‘Iraqi astrolabe (#4131— 
see Fig. XIIa-B3, and also §2.1.1 of the Frankfurt catalogue). Inside the rim of the lower left 
quadrant is the inscription in kufl script: 

“Constructed by Muhammad ibn Shaddad.” 


Replacement parts 

Alas Dorn did not illustrate the rete, but he did state that the star-names were written in a 
Maghrib! script, and that it bore pointers for 22 stars recorded by him as follows (not ordered). 
We now know that these are, appropriately, in the Western Islamic tradition: 


al-kaff al-jadhma 
al-dabaran 
rijl al-jawza 
al- c ayyuq 
mankib al-jawza 


al- c abur 
al-ghumaysa 
wasat al-shuja 
c unuq al-shuja 
qalb al-asad 


al-ramih 
al-fakka 
qalb al- c aqrab 
al-hawwa 


al-waqi c 

al-tair 

dhanab al-dajaja 

al-qifa rare—probably qifat al-faras 
dhanab al-jady 
mankib al-faras 
dhanab qaytus 


al-a c zal 
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Perhaps it relates to qifat al-faras, a Equulei (on which see Kunitzsch, Arabische Sternnamen 
in Europa, pp. 170-171, no. 114). 

5 An undated astrolabe by al-Muhsin ibn Muhammad al-Tablb (perhaps made in Rayy) 

International Instrument Checklist #4180 = #3522 = #3527 = #3904 = #3919. [I suggest that all IIC 
numbers except the new one #4180 be dropped henceforth.] 

Formerly Rockford, Illinois, Time Museum, inv. no. 507. Originally acquired from “an old excavation 
site near Rayy” and then in the collection of K. F. S. D. Gilkes, Sussex (#3904). Later apparently in 
the Landau Collection, Paris (#3522 and #3527). Auctioned at Sotheby’s of London on 19.12.1966 
(lot 71) and purchased by the Time Museum (#3919). Auctioned at Sotheby’s of New York in October, 
2004; present location unknown. 

Brass. Diameter: 89 mm. 

Bibliography: Price et al., Astrolabe Checklist , has four separate entries, in none of which the name 
is given correctly. See London Sotheby’s 19.12.1966 Catalogue, lot 71 (not seen); Anthony J. Turner 
in Rockford TM Catalogue, pp. 60-63 (no. 1) with colour illustrations of the front, back and plate. 
The star al-qifa, if that was the correct reading, is not attested on any other early astrolabes. (I cannot 
speak for late ones, but this rete is probably late anyway.) On the star-positions see Stautz, 
Mathematisch-astronomische Darstellungen auf mittelalterlichen Instrumenten, pp. 46-47 and 184. 

This piece is clearly of early provenance. The position of Regulus on the rete is difficult to 
determine accurately but it is clearly closer to the beginning of Leo than its end; this indicates 
a dating to the 10 th century, if not earlier. 

The throne has one hole and three large lobes and one small one on each side. The suspensory 
apparatus attached to a smaller hole at the middle is probably original. The rim is rivetted to 
the back. The scale on the rim is divided 5°/l°-5° (without tens and hundreds). The mater is 
fitted with a pin at 0.74 of the radius below the centre and is devoid of markings but for two 
circles corresponding to the inside and outside of the circumferential frame on the rete (see 
below). 

The rete has a rectilinear equinioctial bar and a small A -shaped frame below the central disc. 
The lower equatorial bar lies outside the equator and on the left-hand support, there is a handle. 
A circle corresponding to the winter solstitial circle has been engraved. A dummy pointer is 
symmetrically placed with respect to that for qalb al- c aqrab, and the pointer for al-waqf is 
pierced by a small hole (see 3.1). Altogether there are 19 stars (including one unnamed one) 
indicated by dagger-shaped pointers, as follows: 

jasad qaytus janah al-ghurab 

[al-ghul] name not visible - 

c ayn al-thawr al-ramih 

yad al-jawza usual order reversed munir al-fakka 

al-rijl usual order reversed al-qalb 

al-yamaniya al-hawwa 


al-shaf amiya 
qalb al-asad 


al-waqf see above 
al-tair 
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Figs. 5a-b: The front and back of the astrolabe by al-Muhsin ibn Muhammad al-Tablb (#4180). [Photos from 
the archives of Alain Brieux, courtesy of Dominique Brieux. See also the different illustrations in Rockford TM 
Catalogue, pp. 60-63.] 


[dhanab al-jady ] unnamed, position correct al-mankib 
al-ridf al-khadlb 

The positions are not particularly accurate (with the exception of [dhanab al-jady ]!), but no 
systematic error is apparent (Stautz). 

A single plate, presumably originally one of several, bears two sets of altitude circles for 
each 6° of altitude, one for latitude 31° with maximum length of daylight 14;3 h , which is correct 
only for obliquity 23;51°. The other serves latitude 24° (not 34° as recorded by Turner), serving 
Medina, but the value of maximum daylight is illegible. The hole is slightly off the meridian. 
The fact that the other plates are missing makes it difficult to speculate about the provenance, 
although Rayy is most likely. 
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On the back an inscription along the bottom of the throne reads: 


a AjtAx^ 


“Constructed by al-Muhsin ibn Muhammad al-Tablb,” 
the epithet indicating that our astrolabist was also a medic. The back is divided into four 
quadrants, and there are two circles around the rim. Only in the upper left quadrant have these 
been used, namely for an altitude scale divided 571°-5°. 

The alidade is rectilinear and bears no markings. The ends are almost rectangular but for 
a small protrusion to indicate the fiducial edge. The sights have one hole each. The alidade 
appears to be original. (A. J. Turner considered that it was unusable and hence a replacement.) 

6 An unsigned undated Abbasid astrolabe with later additions by a European (the so-called 
“Astrolabe of Pope Sylvester II”) 

International Instrument Checklist #101 = #9001. 

Florence, Museo di Storia della Scienza: 1113. Formerly in the Tribuna Galileo in Florence. 
Provenance? An electrotype is preserved in the Museo Naval de Madrid (inv. no. ?). Exhibited at Santa 
Cruz in 1985 (electrotype) and at Linz in 1990-91 (original) and at Granada in 1992 (original?). 
Brass, with a leather case that has nothing to do with the original instmment. Diameter: 162 mm. 
Bibliography: Saavedra, “Astrolabe arabe”, passim (where the instrument is dated to ca. 1000 but the 
association with the Pope is accepted: “L’astrolabe a done ete fait en Orient, et probablement au Caire 
(lat. 30°), pour le Pape Sylvestre, a la fin du X e siecle.”), and idem , “Astrolabios arabes en el MAN,” 
pp. 411-413; Gunther, Astrolabes , I, pp. 230-232 (no. 101: “The Astrolabe of Pope Sylvester II”) with 
illustrations of the front and back in PI. LII; Florence 1954 Catalogue , pp. 64-65 (no. 1113); Garcia 
Franco, Astrolabios en Espana , pp. 131-160 (no. 3) for a detailed description (with illustrations of the 
front, back, plate for 36° and rete); Destombes, “Astrolabe carolingien”, p. 14; Florence 1987-88 
Catalogue , pp. 14 (no. 1.2: “la tradizione lo fa risalire a Carlo Magno”); Santa Cruz 1985 Exhibition 
Catalogue , pp. 78-79 (“conocido con el nombre de “Astrolabio de Alfonso el Sabio” [s/c]”) (with colour 
illustrations of the front and back); Linz 1990 Catalogue , II, pp. 20-22 (no. 17) (with a fine colour 
illustration of the front). The description by Garcia Franco and the one by Vemet et al. in the Santa 
Cruz Catalogue are based on the electrotype preserved in the Museo Naval, Madrid. It is cute that 
this TraqI astrolabe alone features on the poster of the exhibition “Al-Andalus y la Ciencia” held in 
Granada in 2004. On the star-positions see Stautz, Mathematisch-astronomische Darstellungen auf 
mittelalterlichen Instrumenten , pp. 48-49 (no details). 

This instrument has in all probability nothing to do with Pope Sylvester II, otherwise known 
as Gerbert of Aurillac. It is clearly Eastern Islamic, not Western Islamic, and dates from the 
10 th century. Garcia Franco dated it to 1002. The kufl script is distinctive: note the “crossed 
swords” used for the lam-alif ligature. The accompanying leather box bears an inscription in 
Latin that can hardly relate to this instrument, and the mater bears a Latin inscription in a 
different hand. (Both have been studied by Garcia Franco.) There is clear evidence on the 
instrument of the handiwork of a modem (early-19 th -century ?) faker. 
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The throne is slightly raised on a long base and the central part is low and has one hole and 
three lobes (the innermost one rather squashed) on each side. The suspensory apparatus, a 
simple shackle and a ring attached to a smaller hole at the middle, is probably original. The 
mater bears a scale divided 5°/l°-5° (without hundreds). But for a peg at the bottom and a 
crudely-written Latin inscription—see below—it is devoid of astronomical markings. 

The rete has a rectilinear equinoctial axis and a small trapezoidal frame between the central 
disc and the middle of the northern ecliptic. The lower equatorial bar, which is concentric with 
the equator but has a slightly larger radius bears a handle on the left-hand support. The scale 
of the ecliptic is divided for each 2° but not labelled. The name al-samaka is used for Pisces. 
There are dagger-shaped pointers for 25 stars, as follows: 


batn qaytus 

al-ramih 

al-ghul 

al-fakka 

c ayn al-thawr 

c ayn [.s/c] al-hayya 

al- c ayyuq 

qalb al- c aqrab 

rijl al-jawza 

al-hawwa 

yad al-jawza 



al-waqi c small hole 

al-shira al-yamaniya 


al-shira al-sha’amiya 

al-tair 

jtnuq al-shuja 

al-ridf 

rukbat al-dubb 

dhanab al-jady 

qalb al-asad 

al-mankib 

janah al-ghurab 

dhanab qaytus 


al-khadlb 

al-a'zal 



The position of Regulus is Leo 15° which corresponds to the early 10 th century. In general 
the star-positions are fairly accurate but not as accurate as those on the Kuwait astrolabe of 
Nastulus (3.1). 

The two plates have altitude circles for each 6° (but no azimuth circles) and serve the 
following latitudes: 


U> 

o 

o 

14 h 

[+2] 

33 

14; 13 

[0] 

36 

14;30 

[0] 

42 

15 

[-8] 


The altitude arguments are labelled three times up to the zenith and the seasonal hours are 
labelled twice. The lengths of daylight are recomputed for obliquity 23;51°. It is probable that 
the maker worked in Baghdad, this being the only location represented by a latitude which 
does not correspond to one of the climates. Also, the only plate which is marked around its 
outer rim with the arguments for the altitude circles and the numbers of the hours is that for 
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a 


Figs. 6a-c: The front and back of the unsigned undated Abbasid astrolabe in Florence (#101), together with the 
plates for latitudes 33° and 36°. The additional markings on the back by a European are highly dubious and merit 
further examination. [Courtesy of the Museo di Storia della Scienza, Florence.] 
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latitude 33°. (Saavedra did not know that 33° was a commonly accepted Abbasid value for 
Baghdad, and assumed that the instrument must have been made in Cairo, to which 30° 
corresponds nicely.) 

The alidade is probably not original—see below. 

Later markings and paraphernalia 

The markings on the back are in a European hand but clearly after an Andalusl model. The 
letters are distinctly medieval but the numbers are deliberately late Renaissance. There is also 
an unmarked set of concentric circles on the back; clearly the person who reworked this 
instrument did not trust himself to fill in the calendrical information (compare Figs. XHIa- 
10.1b and 10.2a). The layout of the circles is virtually identical to that of the Madrid and Oxford 
astrolabes of Ibrahim ibn SaTd al-Sahll (see Fig. XIIIa-10.2b). The differences in the details 
of the markings on the Florence instrument are as follows: 

(1) there is no separate scale for the degrees of each zodiacal sign (one has to use the divisions 
of the altitude scale, which run in the wrong direction); 

(2) there is a double shadow square rather than a single one; 

(3) the equinox is at March 15 rather than 14 as on the Oxford instrument (although the Madrid 
one also has 15); 

(4) the calendrical scale is a mess: the divisions of the months do not correspond to the days 
(note, for example, the 5-unit division corresponding to the last 3V 4 (= 28V 4 - 5x5) days 
of February). 

Note the use of the fraction V 4 (see further XV-5). The names of the signs and months are 
written: 

ARIES—TAVRUS—GEMINI—CANCER—LEO—VIRGO 
LIBRA—SCORPI9—SAGITT9—CAP*CORN9—AQVARI9—PISCES 

IANVA9 — FEBR9 — MARCI9—APRIL9—MAI9 — -IVNI9 — -IVLI9 
A VGT9 — SEPTEB — OCTOB9 — NOVEB9—DECEB9 
In these partially abbreviated forms we note the standard kinds of abbreviations in medieval 
Latin, including the suffix -9 (on which see XV-3.2), the line over an E to indicate that the following 
letter M is suppressed, and a small I over a P (here indicated by P*) to show that several letters 
have been omitted. The N in CAP*CORN9 is reversed. All these features could be taken as 
supporting a genuine medieval engraver, but until the piece has been examined with a microscope 
I shall remain unconvinced. 

In view of the problems associated with these markings I suspect that the back was reworked 
by an instrument faker. Saavedra claimed that the instrument had been made for the French 
Pope Sylvester II towards the end of the 10 th century, an association of which already Gunther 
was rightly suspicious. 

The alidade is counter-changed at the middle and the folding vanes each have two star-shaped 
holes. Both it and the declination rule are probably not original. Neither bears any markings. 
The ensemble is held together by a paper-clip. 
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Inside the mater is a lengthy Latin inscription mentioning the date 1490. Garcia Franco has 
attempted to decipher it (p. 147, fig. 44), but without complete success (“no puede traducirse 
un conjunto util y fructifero”), and I have not studied it. 

The inscription in ink on the leather cover (16 th century ??), which is in a different hand, 
reads (after Garcia Franco): 

Astrolabium arabicum ex Hispania delatum et paratum eo tempore quo aequinoctium 
vernum haerebat in die 15 martii, id est, anno Christi 1252 quo Alfonsus Rex 
Hispaniarum [.s/c?] restituit motus coelestes. 

The equinox at March 15 corresponds to the 10 th century rather than the 13 th so that this inscrip¬ 
tion is nonsense. As Saavedra correctly observed: “il n’y a rien d’exact ni de vraisemblable 
dans cette note”. The instrument has been described as “concocido con el nombre de “Astro- 
labio de Alfonso el Sabio”” (Vemet et all), which appellation is also to be supressed. 


7 An unsigned mater and plates 

International Instmment Checklist #4022. 

London, Science Museum: inv. no. 1981-1380. Purchased from Dr. Ing. Paolo Girardi of Beimt for 
the Collection of Leonard Linton of Long Island. Auctioned by A. Brieux of Paris in 1980. 

Brass. Diameter: 117 mm. 

Bibliography: Linton Collection Catalogue, p. 83, no. 160 (with a colour illustration of the back on 
the facing page): “Syria ... 10 th century”. 

The throne is raised and has one hole and two lobes on each side. The suspensory apparatus, 
a simple shackle and circular ring attached to a smaller hole at the middle, appears to be original. 
The scale on the rim is divided 5°/l°-5° (without tens or hundreds). There is a peg to hold 
the plates at 0.76 of the radius below the centre of the mater, which bears a set for a specific 
latitude—see below. 

The rete is not original, being clearly Ottoman and probably of Egyptian or Turkish 
provenance—see §2.2.6a of the Frankfurt catalogue. 

The two plates out of an original three, together with the mater, bear altitude circles for each 
6° and serve latitudes: 


M 

24° 

13;30 h 

[-1] 

la 

28 

13;47 

[-2] 

lb 

31 

14; 4 

[+1] 

2a 

36 

14;30 

[0] 

2b 

39 

14;48 

[0] 


The altitude arguments are in kufl, as are the words al-mashriq and al-maghrib below the 
extremities of the horizon (on all but 2a). It is probable that the original third plate served 
latitude 33° (see below). The lengths of daylight are computed for obliquity 23;51°. A third 
plate, now missing, probably served latitude [33° (Baghdad)] (see below). 

The back bears two altitude scales divided 5°/l°-5° and a double trigonometric grid in the 
upper quadrants with horizontal and vertical parallels for each 5° up to 80° and two concentric 
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Figs. 7a-d: The front and back of an unsigned Abbasid mater (#4022) and the plate for latitude 28°, together 
with the spurious rete. (The photos of the other plates are too dark to reproduce.) [Courtesy of The Science 
Museum, London.] 
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semicircles with radii 24 and 28 units (where the radius of the grid is 60 units). The first of 
these, which became standard on later trigonometric grids, serves to find the solar declination 
from its longitude. The second semicircle, not attested on any other known instrument, serves 
to find the equation of half-daylight (see 1-7, etc) for any solar longitude, specifically for 
latitude 33°, that is, [Baghdad], On the rim of the empty lower left quadrant, there is a scale 
of shadows to base 12 divided 5/1-5 up to 45 and then 5/5 up to 85 (labelled up to 50). In 
the lower right quadrant there is a universal horary quadrant, but the scale divided 5/1-5 on 
the rim (from [0°] on the right to 45° at the bottom) is not related to this. In fact, if one sets 
one end of an alidade at the meridian on the scale in the upper left quadrant the other end 
will mark the altitude at the beginning of the afternoon prayer on the scale in the lower right. 
This feature is not attested on any other known instrument from the early period. 

There is no alidade, but there is a pin (now attached to the throne with a thread). The ensemble 
is now held together with a modem nut and bolt. 

Later additions and replacements 

On the late replacement rete, probably made in Egypt, see §2.2.6a of the Frankfurt catalogue. 

The azimuth circles for each 10° of argument on the two plates described above appear to 
be later additions, doubtless by the maker of the rete; certainly they are less carefully drawn 
than the original markings. The azimuth arguments, the name al-Madlna on M, the expression 
khatt al-zawdl on each of the plates, as well as the words al-mashriq and al-maghrib on 2a, 
are in the same untidy naskhl hand. They were engraved by the same person who prepared 
the third plate for: 

3a 30° Cairo 13;58 h [0] 

3b 42 Edime 15; 7 [-1] 

Here there are altitude circles for each 6° and azimuth circles for each 5° and 10°, respectively. 
This third plate has two holes on the meridian, and the markings on each side are upsidedown 
with respect to each other. The values for longest daylight on this replacement plate were 
computed for obliquity 23;51°. 

8 Two instruments by Hamid ibn ‘All (al-Wasitl) 

Ibn Yunus (Od) mentions Hamid ibn ‘All al-Wasitl in the same glowing terms as Khaftf (1). 
He also had an astrolabe by Hamid in his possession and used it to enlighten some colleagues 
(see the comments on the latitude of Cairo in 2). But al-Wasitl is also known as an astronomer 
of merit. 98 Parts of two astrolabes by him have survived and they attest to his competence and 
initiative. The first—the more technically interesting piece—is dated 343 H [= 954/55]; the 
most important part of the date on the second—namely, the tens—is no longer legible. Both 
of these pieces had an association with Egypt, and perhaps one of them is the astrolabe of 
Hamid’s that Ibn Yunus himself used. 


98 On Hamid see also Mayer, Islamic Astrolabists, p. 45, and supp., p. 295; Suter, MAA, p. 40 (no. 76); and 
Sezgin, GAS, VI, p. 207. 
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8.1 A mater of a “complete” astrolabe dated 343 H 

International Instrument Checklist #100. 

Present location unknown. Palermo, Museo Nazionale: inv. no. 2131—liberated from the Museum 
about 50 years ago. Earlier provenance? 

Brass. Diameter: 154 mm (from Caldo). 

Bibliography: Mortillaro, “Astrolabio arabo del nono secolo”, especially the lithograph plates (front 
and back); Caldo, “Astrolabi di Palermo”, esp. pp. 6-9, and figs. 1 and 2 ( ditto ); Gunther, Astrolabes, 
I, p. 230 (no. 100): “(this mater) has been stated by that competent authority, Almerico da Schio, to 
be merely a twelfth-or thirteenth-century copy of an early original” (!!); Destombes, “Astrolabe 
carolingien”, pp. 13-14. 

Fortunately this piece was illustrated by V. Mortillaro in the mid 19 th century. His description 
is marred by misreadings of all but the simplest of numbers on the instrument, including the 
date of construction and the latitudes served by the markings, and by some absurd astronomical 
and geographical conclusions, such as that some of the markings were intended specifically 
for Palermo. These conclusions were questioned already by L. Caldo. 

The throne has four lobes of different size and a large hole on either side of the middle. 
The shackle has a shovel-shaped base on each side and carries a circular ring. The scale on 
the rim is divided 5°/l°-5° (without hundreds). 

The mater bears four sets of full horizons for latitudes: 


20° 

30° 

40' 

21° 

31° 

41' 

22° 

32° 

42' 

23° 

33° 

43' 


This leads me to suspect that there might originally have been similar sets of markings on other 
plates for latitudes between 24° and 49°, although it is not obvious how they would have been 
distributed. This is the earliest surviving plate of horizons , although it had been introduced 
almost a century earlier by Habash al-Hasib." On each of the base diameters is engraved the 
expression ufuq al-istiwa, “the horizon of the equator”. Around the third of five concentric 
circles (see below) are written (not in order) four of these latitudes with the corresponding 
lengths of maximum daylight (fard — saatuhu —): 


O 

O 

14;54 h 

[0] 

41 

15; 1 

[0] 

42 

15; 7 

[-1] 

43 

15; 15 

[0] 


(This particular circle appears to have no astronomical significance—see below.) The values 
for daylight correspond only to obliquity 23;51°. 


99 For the evidence see Morley, Astrolabe of Shah Husayn, p. 7, n. 12, and read “Habash” for “Hanash”. 
A text by Habash has not been identified. 
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Figs. 8.1a-b: The front and back of the lost Palermo mater of Hamid ibn c All al-Wasitl (#100). [From Mortillaro, “Astrolabio arabo del nono 
secolo”.] 
















































































THE EARLIEST ASTROLABES FROM IRAQ AND IRAN 


499 


The first, second and fourth circles one would expect to correspond to the tropic of Cancer, 
the celestial equator and the tropic of Capricorn, and the fifth to some southern declination. 
As we shall show, this is not the case. Now the equatorial circle is improperly drawn since 
the horizons intersect just outside it. Its radius on the copy that I have used of the lithograph 
published by Mortillaro is 3.2 cm, but the distance from the centre to these four points of 
intersection is 3.3 cm. If one assumes a stereographic projection and an equatorial radius of 
3.2/3.3 cm, the radii correspond to declinations of approximately: 

23V 2 °/25° 070° -15V 2 7-13V 2 ° -21V 2 7-19V 2 0 -367-36° 

respectively. The first and fourth circle are clearly for the solstices, the second being, of course, 
for the equinoxes. It is evident that the third circle has no astronomical significance, merely 
serving the inscriptions engraved on it (see below). The value -36° is to some extent arbitrary. 
We are dealing with an astrolabe with extended radius of projection, such as were sometimes 
called kamil, “complete”, in medieval scientific Arabic. 100 A solitary plate for such an instru¬ 
ment possibly from the 10 th century survives: see 12 . 1 ; here the outer circle also corresponds 
to ca. -36°. 101 A solitary rete and plate for such an instrument by Muhammad ibn Ab! Bakr 
al-Rashidl of Isfahan ca. 1225 survives (#4031). 102 Clearly, it would be worth taking apart the 
Cairo instrument of Hamid ibn ‘All ( 8 . 2 ) to see whether there were such interesting markings 
on its mater. 

The back bears two altitude scales divided 571°-5° in the two upper quadrants. In the left 
of these is a graphical representation of the solar altitude at the six seasonal hours (the spaces 
are labelled 1/12—2/11—...—6/7) with two radial ecliptic scales spanning about four-fifths 
of each axis. There are quarter-circles for each 10° of each sign, the names Capricorn to Gemini 
(with al-hut for Aquarius) appearing on the horizontal radius and Cancer to Sagittarius on the 
vertical one. The horary quadrant is stated to be for latitude 33° (lizard Ij), that is, [Baghdad], 
Since the maximum solar altitude is clearly 81°, the obliquity used was probably 24° or 23;51°. 
In the upper right quadrant there are two sets of horizontal and vertical parallels for each 5° 
of arc on the scale up to 80°. 

On the lower right is a universal horary quadrant labelled (, saat) afaqiyya, “(seasonal hours) 
for all latitudes”. The spaces are labelled 1/12—2/11—... 6/7. These markings were to be used 
in conjunction with the scale on the opposite quadrant to find the solar altitude at the seasonal 
hours. The frame of a shadow square covers the markings for the hours, but there are no 
divisions along its sides. It is significant that the universal horary quadrant is superposed on 
what could have been used as a shadow square—see XIIa-B. On the lower right rim there 
is a scale for the horizontal shadows to base 12 (al-asabV) divided 5/1-5 up to 40 and 5-5 on 
to 50. An inscription in kufl in the lower left rim reads: 

uj ASui ^3 ^Ic. ’'d -v A x L ^ 


100 See Charette, Mamluk Instrumentation, pp. 63-65. 

101 Ibid., p. 64. 

102 #4031— London, Nasser D. Khalili Collection, inv. no. SCI 1—see London Khalili Collection Catalogue, 
I, pp. 210-211 (no. 122), and Charette’s comments (op. cit., p. 64-65), notably the fact that the outer limit for 
the declination is ca. -35°. 
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“Constructed by (, sanaahu ) Hamid ibn c All in the year 343 (Hijra) [= 954/55],” 
and another, also in kufl, to the left of the vertical radius in the lower left quadrant reads: 


--Mt <a A ' A ^ d)^ Aa^.1 


“By order of Sharaf al-Dln Ahmad ibn Muhammad ibn Munajja ibn Naj! ibn Muhammad 

al-Sa c dl al-Misrl al-Zankalunl.” 

This latter is unknown to me, but he was deary a man of some consequence. He was an Egyptian 
( Misri ), but he was not necessarily in Egypt when this dedication was engraved. As we have 
seen, the horary quadrant was prepared for Baghdad. Zankalun, a popular rendering of 
Sankalum, is a village in Egypt near Zagazig. 103 The fact that he is called al-Misrl al-Zankalunl 
probably indicates that he added the appelation al-Misrl when people in Baghdad asked him 
where on earth Zankalun was, and he answered that he actually came from Sankalum, which 
is near Zaqazlq. (Arabic speakers also find these names a bit weird.) The name al-Sa c dl is less 
informative, probably indicating an ancestor named Sa c d. The inscription appears to be 
contemporary with the instrument, and names ( laqabs ) of the kind Sharaf al-Dln are attested 
by the 10 th century. 104 Note the incorrect orthography of ibn; the word should be written without 
the alif unless it occurs at the beginning of a new line of text, and here all occurences are with 
alif. 

8.2 A mater with an illegible date [3]?4 H (with a replacement rete and plates by [Muhammad 
Saffar]) 

International Instmment Checklist #3713. 

Cairo, Museum of Islamic Art (Dar al-Athar al-Islamiyya): 15352. (There are two stickers with the 
number 42 on the back.) Formerly in the Harari Collection (no. 148). Earlier provenance? Exhibited 
at the Science Museum, London, in 1976. 

Brass. Diameter: 110 mm. Thickness: 4 mm. 

Bibliography: Musaylahl, Al-Asturlab, p. 57, and pis. 7-8 (back only); London SM 1976 Exhibition 
Catalogue, pp. 100 and 102. 

The later rete and various plates have been rivetted to the mater, so that unless the ensemble 
be dismantled there is little hope of establishing either whether the mater was originally 
engraved or whether there are any original plates. In 1992,1 was unable to persuade the Museum 
administration that the rivet should be broken. My frustration was aggravated by the very 
unusual plate partially visible under the rete. It is strongly recommended that the absurd rivet 
holding this instrument unnaturally together be removed. This is an important instrument, and 


103 al-Suyutl, al-Lubab, pp. 128a and 142a. 

104 As pointed out in Schimmel, Islamic Names, p. 137 of the German version, such laqabs were given to 
vezirs and political leaders by the Abbasid caliphs in Buyid times. 
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it is an insult to the memory of the “Golden Age” of Abbasid science that it has been so abused 
in recent times. 

The throne is high with one large hole and three shallow lobes on each side. The suspensory 
apparatus attached to a smaller hole at the middle is not original- see below. The scale on the 
rim is divided 5°/l°-5°, labelled from 5° to 90° clockwise in each quadrant (unusual). The back 
is separate from the rim and is attached by a rivet through the throne and another at the bottom 
of the rim. There is a peg for holding the plates at 0.77 of the radius below the centre of the 
mater. 

Perhaps their are some original plates inside the mater. Allahu a lam. The one that is visible 
under the rete is of great interest, with two sets of astrolabic markings serving two different 
latitudes (see below). 

On the back there are altitude scales divided 5°/l°-5° on the rim of each of the upper 
quadrants. The upper left quadrant bears a trigonometric grid with a set of horizontal lines for 
each 5° of arc. The three other quadrants are devoted to astrological scales (see also 9 and 
10 ). For each of the zodiacal signs, which are named (Virgo is al-sunbula, Pisces al-samaka ), 
the lengths of the limits in degrees, the symbols for their lords, and the abbreviations of the 
lords of day and night and the companions, are given. 105 An inscription above the right-hand 
horizontal axis reads: “The limits ( hudud) of the Egyptians”. There is a shadow-scale to base 
12 on the lower right rim divided 5/1-5 up to 35, then one division each labelled 40 then 5 
(for 45). On the rim of the lower left quadrant is the inscription: 

(??) . XiC. (jj O.a'N d (QJ ^ A » L ^ 

“Constructed by Hamid ibn ‘Alt for Muhammad ibn ‘Abdallah (?) (in the year) [3]?4 (Hijra).” 

The words underlined are barely legible, and first two numerals of the year-number are no 
longer visible. The translation given here dates from an inspection of the instrument in 1992. 
In preparing the illustrations for this publication, I found an old photo of the inscription (Fig. 
8.2c), in which “for Muhammad ibn ‘Abdal” is clearly legible, but is the second name really 
‘“Abdallah”? There is a ligature x-r/z at the end of the name, but this seems too far from the 
‘“Abdal” to serve, say ‘“Abd al- c Azlz”. I see no trace of a dal (d) or any date. The former 
would have to look like the final dal of “Hamid”. 

Later additions 

The simple head-set-type shackle with a pear-shaped frame is not original. A notched oval ring 
is attached to it. 

The rete is clearly the work of Shams al-Din Muhammad Saffar, a competent Iranian 
astrolabist known by five other pieces dated between 878 H and 911 H [~ 1475-1505]. 106 I 
have compared it with one of these in the same Cairo collection (#1136). There are the 


105 On these symbols, which were adopted by the Muslims from Byzantine sources, see Wiedemann, 
“Planetenzeichen auf Astrolabien”, and also XIVa-2. 

106 See Mayer, Islamic Astrolabists , pp. 75-76. 
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Figs. 8.2a-b: The front and back of the 
Cairo mater of Hamid ibn c All al- 
Wasiti (#3713). The maker of the re¬ 
placement rete can be identified. The 
person who ordered this to be rivetted 
to the mater should be rivetted some¬ 
where. [Photo from the archives of 
Alain Brieux, courtesy of Dominique 
Brieux; other photos are in the L. A. 
Mayer Memorial Collection, Jerusa¬ 
lem.] 




Fig. 8.2c: The problematic inscription. 
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distinctive pairs of claws at the top and on either side of the lower half of the rete, and there 
is a bird representing Vega. The scale of the ecliptic is divided for each 6° without labels. The 
stars represented, some with curious abbreviations of their names, are: 


dhanab j(anubi) 

dubb (unclear) 

fam qaytus 

saq 

ghul 


dabaran 

a c zal 

rijl 

c anaq 

c ayyuq (no pointer) 

ramih 

yad 

fakka 


qalb 

yamaniya 

hawwa 

shaamiya 


saflna 

wdqi c 

midaf 

fair 

fard 

janah 

qalb 

dhanab t (sic\ should be al-jady) 

mankib 


dhanab s(hamali) 


khadlb 



These stars are in the same tradition as those found on the astrolabes of Jalal al-Kirmanl half a 
century earlier (see XIVd-1-2). 

The one visible plate is also in the tradition of Muhammad Saffar. It bears astrolabic markings 
for two latitudes: altitude circles for each 6° for latitude [39°] on the upper half with hour curves 
below the horizon, and inverted altitude circles for each 6° for latitude [21°] on the lower half. 

9 An astrolabe by Hamid ibn al-Khidr al-Khujandi dated 374 H 

International Instrument Checklist #111. 

Formerly (?) collection of Jasim al-Homeizi, Kuwait, though apparently now in Doha, Qatar. Acquired 
ca. 1976 from Alain Brieux, who acquired from the Marquis de Gernay, who inherited it from the 
Contesse de Bahague. About 1930, this piece was owned by Messrs. Moradoff & Sons of London. 
In 1976 it was on display at the so-called “Festival of the World of Islam” at the Science Museum, 
London. In 1987 it was exhibited at Louisiana (in Humlebaek, Denmark). 

Brass. Diameter: 151 mm. Thickness: 6 mm. 

Bibliography: Gunther f Astrolabes , I, p. 245 (no. Ill)) mentioned it briefly but had no idea who the 
maker was. He and Professor David S. Margoliouth, the leading Islamicist at Oxford, misread the name 
of the maker as Ahmad ibn al-Khidr al-Najdi and the date as 778 H [= 1376], although the possibility 
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of 378 H (sic) [= 960] is discussed. Gunther noted “the vendor of the instrument had considered it 
far older ... but to judge from the appearance of the metal, the instrument is not of much antiquity”. 
(Thus Gunther’s innocence led to the piece not being acquired by the Oxford Museum.) L. A. Mayer 
(Islamic Astrolabists, p. 45) rightly questioned this late date, and also the maker’s name. In 1962 Marcel 
Destombes (“Astrolabe carolingien”, p. 14) correctly identified the maker. See also Anthony J. Turner 
and Francis Maddison in London SM 1976 Exhibition Catalogue , pp. 102-103 (no. 43); Rockford TM 
Catalogue , fig. 16 on p. 22 (illustrations of the front and back); Louisiana (DK) 1987 Exhibition 
Catalogue , p. 48 (no. 43), with a colour illustration of the front on p. 26; King, “Strumentazione”, 
p. 168 (brief mention) and pp. 158, 159 and 162 (illustrations of the front, rete and two plates); idem, 
“Astronomical Instrumentation”, pp. 154 and 169; idem , “Kuwait Astrolabes”, pp. 80, 82-89 (no. 2), 
the first complete description; idem, Mecca-Centred World-Maps , pp. 18-19; and idem, The Ciphers 
of the Monks , pp. 382 and 384. On the star-positions Stautz, Mathematisch-astronomische Darstel- 
lungen auf mittelalterlichen Instrumenten , pp. 48-49 and 185, and on the horary quadrant ibid., 
pp. 51, 52 and 188. See now XVII on the quatrefoil. 

The most significant and the most beautiful of all Islamic astronomical instruments from the 
early period of Islamic science (850-1250) is an astrolabe made by a leading astronomer of 
the late 10 th century, al-Khujandl (d. 1000), renowned for his achievements in astronomy, 
instrumentation and mathematics. 107 

al-Blrunl wrote that al-Khujandl was unique in his abilities as a maker of astrolabes and other 
instruments, no mean compliment. 108 That this is true is confirmed by this sole surviving 
instrument of his, which is the most spectacular astrolabe of the early Islamic period. 

al-Blrunl actually met al-Khujandl in Rayy (near modem Tehran) where the latter informed 
him of the enormous sextant he had constmcted to measure the obliquity of the ecliptic. This 
sextant, with a radius of over 20 metres, was erected in the meridian plane, and al-Khujandl 
has left us a careful description of his observations with it and the result which he obtained 
for the obliquity, namely, 23;32,21°. 109 Some astronomers maintained that the obliquity was 
oscillating about a mean value. On the other hand, al-Khujandl clearly states that some people 
recognized that it was decreasing, and he is thus best known in the history of astronomy for 
this remark. 110 As we shall see, there is some inconsistency in his use of the obliquity on his 
astrolabe. 

In the field of small-scale instmmentation, al-Khujandl was previously known for his 
invention of a device which he called “the comprehensive instrument” (al-ala al-shamila) for 
a specific latitude. His treatise on that instmment, a hemispherical device, survives in several 
copies that remain to be properly studied. 111 A fine additional copy of the commentary by the 


107 On al-Khujandl consult the articles in DSB, VII, pp. 352-354 (by Sevim Tekeli) and El V, pp. 46-47 
(by Julio Samso), and the numerous references there cited (none of which mention his astrolabe). See also Sezgin, 
GAS , V, pp. 307-308; VI, pp. 220-227; and VII, p. 415, for manuscripts of his works. 

108 See al-Blrunl, Tahdld , text, p. 107, and transl., p. 75. 

109 See Schirmer, “Studien zur Astronomie der Araber”, pp. 63-79, for a translation of the text (published 
by Louis Cheikho in 1908), and also al-Blrunl, Tahdld , text, pp. 101-109, transl., pp. 70-77, and comm., pp. 
44-48, for al-Blrunfs summary. 

110 See, for example, Sezgin, GAS, VI, p. 220. 

111 See Sezgin, GAS, VI, p. 221, no. 1 (where it is erroneously stated that the instrument is an astrolabe). 
See Frank, “Zwei astronomische Instrumente”, for details of the instrument. 
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12 th -century astronomer and instrument-maker Hibatallah 112 —who rendered the device univer¬ 
sal—was stolen from the al-Homaizi Collection during 1990-91. 

al-Khujandl is known to have operated in Rayy, which is where he set up his sextant. But 
this astrolabe was almost certainly made for use in Baghdad. That city is the only locality in 
the region for which 33° was accepted as the latitude. 113 This value is in fact too small by 20', 
and al-Khujandi has ignored the much better results of his contemporary Ibn al-ATam, namely 
33;21°, and the anonymous astronomer who obtained 33;25°, a value used, for example, by 
the Egyptian astronomer Ibn Yunus and his late contemporary al-Birum, neither of whom 
measured it themselves. 

al-KhujandT s astrolabe represents the culmination of known Muslim achievements in 
astrolabe construction in the early period, as the astrolabe of Ibn al-Sarraj (Aleppo, 1328/29) 
and the sundial of Ibn al-Shatir (Damascus, 1371) represent the culmination in instrumentation 
in the later period (see XlVb). al-KhujandTs astrolabe had never been published before 1995, 
although illustrations of it had appeared in various places. It had already had a chequered fate 
during this century. It is the sole surviving astronomical instrument in the collection of Mr. 
Jasim al-Homaizi for he carried it with him when he fled Kuwait in 1990. 

Description 

The throne bears on the front and back beautifully-executed images of two feline faces. Are 
these leopards or tigers or lionesses, or could they be happy cats watching out for the birds 
on the rete? The necks of the felines lead into a circular frame outside which simple leaf and 
twirl patterns complete the outer parts of the throne. There are two small lobes, a larger one 
formed by the circular frames for the felines, and a very small one on either side of the central 
part. The ensemble is bevelled in the tradition of the 10 th century. The shackle is trowel-shaped 
and is attached to a circular ring. The rim is riveted to the back, with three rivets on the right 
levelled to the surface of the rim and the four on the right unlevelled—it seems that the latter 
might be replacements; certainly the back has separated from the rim at the bottom, where there 
are no rivets. The scale on the rim is divided 5°/l°-5° (without tens and hundreds), and the 
radial markers for each 15° are marked with two dots. The mater bears astronomical markings— 
see below. 

The rete is a masterpiece. The equinoctial bar is rectilinear, its upper side serving as the axis. 
A series of designs together constitute the solstitial axis: there is a quatrefoil (unique on early 
Islamic instruments except for those based on this one but a popular feature on early European 
astrolabes—see below), an inverted heart-shaped frame to which are attached two wing-shaped 
pointers, a circular frame including a kind of “Smiley-type” frame intended to represent the 
lunar mansion al-hana , although this is not stated, 114 and two curved “table-legs” supporting 


112 On Hibatallah see Rosenthal, “Al-Asturlabl and as-Samaw’al on Scientific Progress”, and for one of his 
instruments, see King, “Zlj al-Safa ih”. 

113 See Kennedy & Kennedy, Islamic Geographical Coordinates, pp. 55-56 and 680-681, and also King, al- 
Khwarizmi, p. 2. 

114 Compare, for example, the representation on the astrolabe dated 618 H [= 1223/24] featured in Gunther, 
Astrolabes , I, pi. XXV (no. 5), also in Fig. XVII-1.4. 
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Figs. 9a-m: The magnificent astrolabe of al-Khujandl (#111). [All full photos courtesy of the owner, details by the 
author.] 

(a) The front. 

(b) The back. 
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(c) The feline figures on the throne. 

(d) The pointer for the star labelled min jasad qaytus. 

(e) The markings for latitude 42° on the mater. 

(f) The plate for casting the rays at latitude 33°. 
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(g) Part of one of the declination scales on the plate of horizons. 

(h) The inscription on the plate for converting celestial coordinates. 

(i) The horary quadrant for latitude 33° on the back. 

(j) The date. 

(k) The signature. 

(l) The horse. 






























510 


PART XIIIc 


m 

(m) The owner’s mark, as yet not interpreted. 



the middle of the long lower equatorial bar. See the illustration in Fig. 1 to the preamble to 
this study. There is a thin solstitial bar between the lower equatorial bar (which is outside the 
equator) and the northern ecliptic and a thin slightly trapezoidal frame connecting the latter 
to the central disc. The scale of the ecliptic circle is divided 6°/3°-6° within each sign (Pisces 
is rendered as al-hut). 

The presence of a quatrefoil as a decorative motif on this astrolabe from 10 lh -century Iraq 
is of prime importance for the early history of the principal motif of Gothic art and 
architecture. 115 It is not a specifically Islamic motif, being found in the Islamic world mainly 
on architecture of Byzantine origin or inspiration: for example, a quatrefoil, very botanical in 
appearance, is found as decoration on a house in Baqouza in Syria which goes back perhaps 
as far as the 4 th century. Another occurs on an early-9 th -century Syrian frieze, but its appearance 
there is partly explained by the accompanying hexafoil—both are used as floral motifs. 116 Yet 
it occurs on al-Khujandl’s astrolabe and on various other Eastern Islamic astrolabes based on 
al-Khujandl’s distinctive rete design. 117 It also occurs on an Andalus! astrolabe dated 638 H 
[= 1240/41], 118 and on one of the earliest surviving European astrolabes, from Catalonia ca. 
1300. 119 It seems clear that the presence of the quatrefoil on this European astrolabe in an 


115 Thus, for example, we find in M. Stafford & D. Ware, Dictionary of Ornament , p. 176: “Quatrefoil: ... 
A characteristic device in Byzantine decoration and Gothic tracery and carving, that regained popularity in the 
Gothic revival. Sometimes stated to be based on the four-leafed clover; reliable authorities believe the quatrefoil 
to be a strictly Christian motif—a form of Greek cross with rounded ends, or of the nimbus with four arcs 
representing the four Evangelists. ...” 

116 On the house in Baqouza see Diet. arch, chret ., 11:1, cols. 469-478 (by H. Leclercq) especially cols. 473 
and 478 (after Vogue). On the 9 th -century Syrian frieze see Washington 1985 Syria Exhibition Catalogue , pp. 
514-515 (no. 256), with illustration. 

117 Gunther, Astrolabes , I, pp. 114-116 and pis. XXII=XXIII (no. 3)—dated 374 H [= 984/85]; the rete, 
however, is a later replacement datable to ca. 1100); and ibid., I, pp. 118-120 and pis. XXV-XXVI (no. 5)— 
dated 618 H [= 1223/24]. 

118 #154— Ibid., I, p 300 (no. 154) and pi. LXVII (misdated to 1747!). 

119 #162— Ibid., II, pp. 306-309 (no. 162), with illustrations. 
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identical position to that on al-Khujandl’s astrolabe was inspired by Islamic models. This raises 
some interesting questions that should be pursued by art historians: see further XVII. 

The stars represented on the rete have been chosen so that the ensemble is roughly 
symmetrical about the solstitial axis. Six of the star pointers are in the form of birds’ heads, 
thirteen dagger-shaped, and the remainder—some seven in number—are like either claws or 
teeth. The ensemble presents a most pleasing aspect. It is worthy of note that no bird is used 
to represent Vega ( al-nasr al-waqij —it has been argued elsewhere that this is a motif adopted 
in the 8 th and 9 th centuries by the Muslims from Byzantine astrolabes but not attested on 
surviving Islamic astrolabes until ca. 1200, and later becoming quite popular in the Islamic 
East. 120 

The 33 stars represented on the rete are with few exceptions standard astrolabe stars. They 
are as follows (arranged in order of increasing right ascension): 


min jasad qaytus 
ras al-ghul 
c ayn al-thawr 
al-'ayyuq 
rijl al-jawza 
surrat al-jawza 
yad al-jawza 

bird’s head at left end of circular bar 

al-yamaniya 

[a]l-shi c ra al-sha’amiya 


ra ’v al-shira 


jinuq al-shuja 

(position problematic) 

qalb al-asad 


rukbat al-dubb 


janah al-ghurab 

bird’s head at right end of circular bar 

al-simak al-a c zal 


dhanab taraf al-dubb 

bird’s head on west equinoctial bar 

al-rdmih 


c urqub al-'awwa 

(on inner rim of ecliptic) 

al-munir min al-fakka 


c unuq al-hayya 

bird’s head inside ecliptic 


120 The earliest representation in this form—apart from an Islamic astrolabe datable ca. 800 and the sole 
surviving Byzantine astrolabe dated 1062—is on the instrument mentioned in n. 114 above. 
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mankib al-jathl on right wing of heart-shaped” frame 

(position problematic) 

qalb al- c aqrab 
ras al-hawwa’ 


al-waqi c small hole 

al-tair 

dhanab al-dulfln 
dhanab al-dajaja 
janah al-dajaja 
dhanab al-jady 
mankib 
kaff al-khadib 
surrat al-faras 
dhanab qaytus 


bird’s head inside ecliptic 

on left wing on heart-shaped frame 

bird’s head on left of equinoctial bar 


The positions of the stars, with two exceptions noted above, are very accurate for the epoch 
in question (Burkhard Stautz). The position of Regulus is roughly Leo 15°, which corresponds 
to the early 10 th century. It should be borne in mind that contemporary star catalogues gave 
a longitude for Regulus that was almost V 2 ° too small, so that an early dating by this method 
is perhaps inevitable. (Stautz presents graphics showing the correspondence of the star- 
positions with the Ptolemaic values adjusted to 984 for the Mumtahan value of the precession.) 
On the back of the rete, there are markings for the two base diameters. 

The mater and five plates are expertly engraved. The mater and seven sides serve specific 
individual latitudes, as follows (jard — atwal naharihi — saa — daqiqa ): 


la 

21° 

13;18 h 

[0] 

lb 

27 

13;44 

[0] 

2a 

30 

13;58 

[0] 

2b 

33 

14; 13 

[0] 

3a 

36 

14;30 

[0] 

3b 

39 

14;48 

[0] 

M 

42 

15; 7 

[-1] 


The markings in addition to the labelled curves for the seasonal hours are of three main kinds. 
Firstly, the mater for 42° bears altitude circles for each 3° labelled for each 6° in an annular 
scale between the two outer circles up to 48° (the odd altitude circles are omitted within the 
annulus) and then in a special scale up the meridian to 84°, the zenith being labelled 90°. 
Secondly, the sides for 21°, 30° and 39° have altitude circles for each 3° and azimuth circles 
for each 5° below the horizon. The former are labelled as on the mater and the latter are labelled 
for each 10° below the horizon and the “crescent”. There are no azimuth circles inside the 
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“crescent”. Thirdly, the sides for 21°, 33° and 36° bear altitude circles for each 3° labelled 
as on the mater and azimuth circles for each 5° above the horizon. The latter are labelled for 
each 10° between the horizon and the altitude circle for 6° (the circle for altitude 3° has been 
omitted) continuing around the outside of the altitude circles to the meridian. There are no 
azimuth circles for altitudes above 84°. In addition, there are labelled curves for the hours since 
sunset. The distinctive altitude scales, which are ingenious although they to some extent obscure 
essential markings, are found not only on all of the plates but also on certain later instruments 
in the Khujand! tradition. The ends of the horizon on all these plates are marked al-maghrib 
and al-mashriq. 

The lengths of longest daylight correspond to recomputation only with the Ptolemaic value 
of the obliquity! They are 1-3 minutes larger than values computed with obliquity 23;35° or 
23;33°. The last value should actually be 15;8°. All this might be considered a lapse of integrity 
by the scholar most famed in the history of astronomy for his achievements in the measurement 
of the obliquity. 

For which localities were the plates intended? The one for 21° was doubtless supposed to 
serve Mecca. This parameter and two others, 21;40° and 21;30°, were widely accepted already 
in the 10 th century; the accurate value is 21;26°. The plate for latitude 30° would serve Cairo, 
but that would be of little interest to an astronomer in Iraq or Iran. Those for 33° and 36° would 
serve Baghdad and Rayy. But in preparing plates for each 3° of latitude from 21° to 42° al- 
Khujandl may well have been aiming at achieving a modest measure of universality for his 
instrument, a supposition confirmed by his choice of intermediate latitudes on the plate of 
horizons (see below). 

Plate 4a bears markings stated to be for latitude 66;27°, where “the maximum length of 
daylight is 24 hours”: see Fig. XVI-10.2. Implicit here is the obliquity 23;33°, the second result 
of the astronomers of al-Ma’mun (see, for example, 1-9.1). There are altitude circles for each 
3° and azimuth circles for each 5°. The meridian altitude scale runs in 3°-intervals from 3° 
to 66° and the zenith is marked 90°. Another scale runs along the meridian below the horizon 
in 3°-intervals from 3° to 45° and a final value of 47;6° at the winter solstice circle. This arc 
of depression corresponds to the maximum elevation of the sun above the horizon, namely twice 
the obliquity. The purpose of this scale is not clear. The azimuths are labelled for each 5° around 
the outer rim and again below the lower part of the horizon. The right-hand side of the horizon 
is marked ufuq al-maghrib, the left-hand side ufuq al-mashriq, and the prime vertical is dotted. 

Plate 4b serves both the latitude of the equator “where the maximum daylight is 12 hours” 
(,khatt al-istiwa’ saatuhu yb) and latitude 90° “where (it) is six months” ( c ard s tul naharihi 
w ashhur): see Fig. XVI-10.1. On the upper half are altitude circles for each 3° for latitude 
0° and on the lower half the hour-lines for latitude 0° (each hour being 15° long throughout 
the year). The former are labelled between the two outer circles and then up the meridian to 
the zenith. Superposed on both of these sets are the markings for latitude 90°, which are simply 
altitude circles for each 3° above the horizon (which is identical with the equinoctial circle) 
up to 60°. These are labelled along the upper meridian. The circle for altitude 24° is very close 
to the circle for the summer solstice (which should correspond to altitude 23;33°). The plates 
for latitudes 0° and 90° and the horizon for latitude 75° on the plate of horizons (see below) 
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were no doubt intended for purely didactic purposes. Interesting things happen in the sky at 
such latitudes, and these plates could be used to demonstrate them. 

Plate 5a is marked with half-horizons for 20 different latitudes arranged around the plate 
in 4 groups of five. The latitudes served are: 


15 

25 

32 

38 

47 

18 

28 

34 

40 

50 

20 

29 

35 

41 

53 

23 

31 

37 

44 

55 


which together with those represented on the other plates constitute a fairly complete set for 
every 2° or 3° from 15° to 55°. In addition there is a full horizon for latitude 75°. On each 
of the four axes there is a declination scale on either side of the equinoctial circle divided 6°/ 
2-6° up to 18° and then 6°/2° up to a maximum labelled 23;33°. al-Khujandl here confirms 
the parameter attested already on his ecliptic plate. 

Plate 5b serves to facilitate the otherwise laborious computations relating to the astrological 
doctrine of casting the rays and is so designated in the cartouche ( matrah al-shua wa-huwa 
‘l-tasyirat ). The plate serves a specific latitude which is not stated; by inspection, however, 
it is found to be 33°, serving [Baghdad], It is the first attestation of such plates, which were 
used into the Renaissance. 121 The curves are the projections of the great circles through the 
north and south points of the horizon for each 5° on the equator and are labelled around the 
outside of the equatorial circle. The ends of the horizon are marked ufuq al-maghrib and ufuq 
al-mashriq. 

The back bears altitude scales divided 5°/l°-5°. The upper left quadrant bears horizontal 
parallels for each 1° of argument on the quadrant scale up to a maximum that cannot be 
determined since the upper markings have worn away. In the upper right there is an horary 
quadrant for latitude 33° (saat zamaniyya lizard Ij ). The ecliptic scale on the vertical radius 
spans only about one-half of the length of the axis. The first and second hour-curves are smooth 
but the four upper ones, and the ecliptic scale, are barely visible, having been worn away by 
the alidade. There appear to be quarter-circles only for each 30° of solar longitude. The lower 
back bears mainly astrological information. An inscription reads: 

“The limits of the Egyptians and the faces and lords of the triplicities.” 

The scales, numbered here from the outside, record: 

(1) the names of the 28 lunar mansions; 

(2) the names of the 12 signs; 

(3) indications of the sun, moon and planets which are the lords of the limits; 

(4) the length of the limits in degrees; 

(5) the lords of the faces; 

(6) the numbers 10—20—30 (in abjad notation) for the divisions of the faces within each 
sign; 

(7/8) the lords of the day and night and the companion for each sign. 


121 On this concept see further the EI 2 article “Tasylr” by Otto Schirmer (taken over from Elfi and especially 
North, Horoscopes and History, pp. 1-69. I cannot say who was the first to introduce these markings. 
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Symbols ultimately of Hellenistic origin are used for denoting the sun, moon and planets in 
scale 3; elsewhere, as in scales 5, 7 and 8, the names are abbreviated by the last letter of the 
Arabic name, thus sin for shams (Sun), ra ’ for qamar (Moon), dal for c utarid (Mercury), etc. 
The scale for shadows to base 12 on the rim of the lower right quadrant is marked asabV al- 
zill and divided 5/1-5 up to 60, although the subdivisions peter out after 50 units. An inscription 
on the rim of the lower left quadrant reads clearly and simply: 

AloJ ^)‘ -s.lt AjlAj^z 1 

“Constructed by Hamid ibn al-Khidr al-Khujandl 
in the year 374 Hijra [= 984/85].” 

There is another inscription in a later hand just below the centre—see below. 

The alidade is a later replacement—see below—but the horse and perhaps even the peg 
appear to be original. A realistic horse’s head has a thin rectangular plate attached through 
its neck, the plate fitting into a hole in the stem of the peg, which has a low, wide cylindrical 
head and a bulbous protrusion at the other end. The horse’s head can be rotated by 90° about 
the stem of the plate so that it either stands erect on the back of the instrument or lies flat 
on it. (I have not seen this feature elsewhere.) 

Later additions and replacements: 

1) There is another inscription in a later hand just below the centre of the back (see Fig. 9m). 
It appears to read: malikuhu m-’-th-d, “its owner is ???”. The name is unintelligible to me, 
being neither Arabic not Persian. The three dots on the tha may not be original. The dubious 
name could be read as qaid, but this is not a personal name. Another possibility is fa id, which 
is a personal name (at least in modem Kuwait!), but this seems an unlikely solution. 

2) The alidade is a later replacement with crudely marked scales and inscriptions. There is a 
scale for the signs of the ecliptic on one side (for the solar quadrant) and another non-linear 
sexagesimal scale on one edge of the other. On the other edge, there is a scale that is 
unintelligible to me, with markings (in abjad) that seem to indicate 70/20, 4/10 and 2/70. 

Concluding remarks 

Certain distinctive features of al-Khujandl’s astrolabe, such as the quatrefoil and the special 
frame for the lunar mansion al-han c a, occur on various later Islamic instruments, and it is clear 
that these were influenced by his workshop. Three examples are: 

♦> the replacement rete (datable by the star-positions to ca. 1100) for the astrolabe (#3) 
made by the two sons of Ibrahim al-Isfahanl in the same year as the astrolabe of al- 
Khujandl (not previously recognized as a replacement) (see now 10 and Fig. XVII- 
1.2); 122 

❖ the rete on an astrolabe (#2557) by Badr, the mawla of Hibatallah, in 525 H [= 1130/ 
31] (see Fig. XVII-1.3); 123 and 


122 #3—Gunther, Astrolabes, I, pp. 114-116 (no. 3), now in 10! 

123 #2557—Illustrated in Sabra, “Exact Sciences”, p. 129. To be featured in the forthcoming catalogue of 
the Collection of the Adler Planetarium in Chicago. 
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❖ the rete on the geared astrolabe (#5) by Muhammad ibn Abl Bakr al-Isfahani in 620 
H [= 1223/24] (see Fig. XVII-1.4); 124 
as well as on several later pieces of Iranian provenance (see also XVII). 

In particular, there is one 14 th -century French astrolabe (#2041) on which the throne and the 
upper part of the rete bear suspicious resemblance to that of al-Khujandl: see Fig. 9n. The lower 
part of the rete is modelled after the mihrabs of 11 '■'-century Andalusl retes: compare Fig. 9o. 

10 An astrolabe by Ahmad and Muhammad, sons of Ibrahim al-Isfahani, dated 374 H and fitted 
with a replacement rete datable ca. 500 H 

International Instrument Checklist #3. 

Oxford, Museum of History of Science: ICC 3. “Purchased by Dr. Lewis Evans for £250 in April 1919 
through Percy Webster from Professor Y. Daweed” (Gunther). 

Brass. Diameter: 132 mm. 

Bibliography: Gunther, Early Science in Oxford, II, p. 199, also illustration of the front opp. p. 188; 
idem. Astrolabes, I, pp. 114-116, with a complete set of photos in pis. XXII and XXIII and a creditable 
description; Mayer, Islamic Astrolabists, p. 36; Destombes, “Astrolabe carolingien”, p. 14; London SM 
1976 Exhibition Catalogue, p. 103; Rockford TM Catalogue, p. 22; Torode, “Mathematical System”, 
p. 65 (unreliable, but notes a problem with the rete); Stautz, Mathematisch-astronomische Darstellungen 
auf mittelalterlichen Instrumenten, pp. 48-50 and 186, on the star-positions on the rete; XI-9.3 on the 
trigonometric quadrant; and XVII-1 on the quatrefoil. The information on the latitudes of the plates 
given in King, “Geography of Astrolabes”, p. 22, is incorrect, and the conclusion on p. 9 drawn from 
this incorrect information is nonsense: see the preamble to XVI. 

This instrument, the first Islamic astrolabe described by Gunther because it was the earliest 
“Persian” instrument known to him, has not previously been recognized as a composite piece. 
The rete is clearly a replacement because the star-positions correspond to ca. 1100. There seem 
to be two layers of additional markings: the gazetteer on the mater and the astrological scales 
on the back. A new examination of the instrument might settle this. 

The throne is most unusual: it is high and built up with circular arcs. The suspensory 
apparatus, a shackle with triangular bases and a ring, appears to be original although both parts 
are unduly large. The scale on the rim is divided 5°/l°-5° (labelled in full) and the rim is rather 
wide. There is a peg at 0.79 of the radius below the centre of the mater. The back is now loose 
and attached only at the utmost part of the throne; how it was originally attached securely to 

^— 

Fig. 9n: The rete of this 14 th -century French astrolabe (#2041) bears some relationship to that of al-Khujandl. 
Notice the two dogs on the throne, on either side of the very French fleur-de-lys, and the various birds. The 
original quatrefoil is here reduced to a circular frame. [Courtesy of the Museum of the History of Science, 
Oxford.] 

Fig. 9o: Note the ?m7zraZ?-shaped frames on the rete of this astrolabe made by Ibrahim ibn SaTd al-Sahll in Toledo 
in 460 H [= 1068] (#118). For the back of this astrolabe see Fig. XIIIa-10.2b. [Courtesy of the Museum of 
the History of Science, Oxford.] 


124 Gunther, Astrolabes , I, pp. 118-120 (no. 5). 
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Fig. 10a: The front of an astrolabe by Ahmad and Muhammad, sons of Ibrahim al-Isfahanl, dated 374 H [= 
984/85] and fitted with a replacement rete datable ca. 1100 (#3). The historical importance of this piece is by 
no means lessened by the fact that it is a composite piece. One may wonder whether the original rete was replaced 
because it was not attractive enough. [Figs. lOa-c courtesy of the Museum of the History of Science, Oxford.] 





Fig. 1 Ob 1: The plates for five latitudes and the plate of horizons, as well as the front and back of the rete (#3). 




the mater is by no means clear. The mater bears markings that appear to be later—see below. 

The rete is a replacement from ca. 1100 and is discussed below. 

The three plates bear altitude circles for each 6° of altitude and curves for the seasonal hours. 
The one for latitude 32°, doubtless intended to serve Isfahan where the instrument was probably 
made, bears additional azimuth circles for each 10° below the horizon. An altitude scale is 
engraved on the rim of each plate, but less than one-quarter of the rim is visible when the rete 
is laid on the plate, so this was not such a good idea. Another unusual and distinctive feature 
is the markings for the hours around the circumference. The plate for 32° also bears circles 
for twilight, which correspond to a solar depression of 18°. The various latitudes served by 
the plates and the associated lengths of longest day are: 


la 

U4 

O 

o 

13;58 h 

[0] 

2a 

32 

14; 8 

[0] 

2b 

33 

14; 13 

[0] 

lb 

36 

14;30 

[0] 

3a 

37 

14;36 

[0] 
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Fig. 10b2. 



The lengths of maximum daylight correspond to an obliquity of 23;51°. Plate 3b is a plate of 
horizons similar to that of al-Khujandl, with declination scales up to 24°. 

The back bears two altitude scales divided 5°/l°-5°, and a shadow-scale on the lower right 
rim (divisions unclear) marked asabi c al-zill. Of the other markings only those in the upper 
left quadrant and the inscription are original. The empty space on three quadrants has been 
filled by the same person who added the replacement rete. 

The upper left quadrant bears a trigonometric grid with parallels for each 5° of arc and 
corresponding quarter-circles (that is, with radii R sin (5i), where R is the radius of the quadrant 
and i = 1, 2,..., 17). Perhaps the most unusual feature of the whole instrument is the scale with 
width corresponding to about 5° on the outer quadrant to the right of this quadrant. It shows 
the sines to base R of each 5° of argument, and its use is hinted at in the inscription written 
along it: al-saat al-zamaniyya li-kull c ard, “the seasonal hours for all latitudes”. This remark 
confirms the origin of the sine quadrant as a device for calculating the time from the solar 
altitude by means of the standard approximate formula—see XI-9.3. 
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Fig. 10c: The back (#3). The later astrological markings are easily distinguished from the original markings. 
Note that the sine quadrant is labelled “(f° r finding) the hours for all latitudes”, reflecting its origins. 
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The inscription below the horizontal diameter translates: 


UjI .'iA'iAj Aa^I !a& L-fili ojUtxdlj aIjaIIj 

AiUoli (jj» u«j £jjl Aku (!) UJJ 1 ' C. 1, (!) OJJ.'V j -‘V' 

_jc- (J^l A_ijk j V il r. Luj 

“In the name of God, and with the help of God, for well-being, good fortune, success, 
and happiness ( bi-’l-yumn wa-’l-dawla wa-’l-iqbal wa-’l-sa add), this astrolabe was 
composed ( allafa ) by Ahmad and Muhammad,” the two sons of Ibrahim, the two 
astrolabists of Isfahan,” in the year three hundred and seventy-four (Hijra) [= 984/85].” 

The use of the verb allafa instead of sana c a or c amila is unique on known Islamic pieces, but 
compare the Latin composuit, which occurs on a single early European instrument (see Fig. 
XIIIa-10.5c). 

Later replacements and additions 

The rete is elegant, vaguely symmetrical and without zoomorphic pointers. The equinoctial bar 
is rectilinear and is slightly thicker outside the ecliptic on the right. The equatorial frame is 
supported only at the ends and the pointer for al-kaff al-jadhma goes across it, and that for 
rad al-shired points outwards from it. The circumferential frame is unduly thick to conform 
with the unsual feature of the plates—see above. There is a heart-shaped frame and a quatrefoil 
between the centre and the winter solstice on the ecliptic. In short, there are several features 
that are reminiscent of the retes of al-Khujandl—see 9 —and Badr—see Fig. X-4.1.1, However, 
any suspicion that it is either by Badr or by his master, Hibatallah, is not supported by the 
fact that the inscriptions are rather awkward (for example, the word al-waqi is split and the 
name dhanab al-jady is written radially) and that the astrological tables on the back, which 
are due to the same person, are not drawn with the utmost care that we can associate with these 
two individuals. 

The divisions on the scale of the ecliptic are not clear on the photo available to me (in places 
10°-divisions are visible), and the ring is damaged on the upper right. Most of the pointers 
are dagger-shaped, the remainder are shaped like a tiger’s claw (3) or wings (2). The rete is 
corroded, particularly in the upper right, and several of the star names have been obliterated 
(marked with black dots • below). The positions correspond closely to ca. 1100 (Stautz; Torode 
arrives at the date 1104 with standard deviation 210 but using several incorrectly-identified 
stars). The stars represented are the following: 

jabhat qaytus janah al-ghurab 

al-ghul - 

al-kaff al-ja[dh\ma [ al-simak ] al-a c zal 

c ayn al-thawr 
al-'ayyuq 


• • 


equinoctial bar 
equinoctial bar 
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rijl al-jawza 

A 

• • 

outer rim 

yad 

A 

al-ramih 


rijl al-jawza 

B 

[al-fakka] 


yad al-jawza 

B 

[ c unuq al-hayya ] 
[qalb al- c aqrab] 


al-han a 


[mankib al-jathl ] 

[ra 5 al-hawwd ’] 

compare al-Khujandl 

al-yamaniya 
al-shaj amiya 


al-waqV 

small hole 

ra’s al-shira 


nasr al-tair [sic] 


al-taraf attached to outer rim 

of the 

janah al-dajaja 


ecliptic—compare al-Khujandl 


dhanab al-dulfln 


al-fard 


ridf 


rukbat al-dubb 


dhanab al-jady 


qalb al-asad 


• 

claw on ecliptic 


mankib 
al-khadlb 
dhan[ab qay]tus 
[surrat al-faras\ 

The empty space on the three quadrants of the back has been filled with annular scales of 
astrological information as follows, reading from the outside inwards: 

(1) the signs of the zodiac, with standard names; 

(2) symbols for the lords of the limits; 

(3) the length of the limits in degrees; 

(4) symbols of the lords of the day and night and the companion for each sign. 

The scales are squeezed uncomfortably in the space available on these quadrants, and the 
divisions for the signs and limits are not carefully drawn. This argues against the markings 
being the work of Hibatallah or Badr. 

The geographical gazetteer for 32 localities engraved on the mater in a rounded naskhi script 
(see Fig. lOd) and seems to be original. The outside of the annular frame for the entries would 
otherwise have encountered problems on either side of the peg for the plates. It is not the fact 
that it is in naskhi script that disturbs me, but rather that the script is entirely different from 
both the original and the secondary kufl script elsewhere on the piece. In any case, the gazetteer 
is of considerable historical interest. The data are from the 10 th or 11 th century and are not found 
elsewhere in this combination. They could have been inserted on this astrolabe as early as the 
10 th or 11 th century (the fact that they are in naskhi script does not argue against this), perhaps 
ca. 1100, when the replacement rete was added. The fact that some of the data are corrupt 
argues for a later dating (since people generally cared less), but the gazetteer cannot have been 
added as late as, say, the 14 th century, because by then other geographical data would have 
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Fig. lOd: The gazetteer on the mater. 
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have been preferred. The following is a preliminary edition of the data, which would eventually 
repay further investigation. 

Notes : For the context and the use of abbreviations see Kennedy & Kennedy, Islamic Geographical 
Coordinates (hereafter K&K). KHW denotes the al-Khwarizml tradition, exemplified by KHU 
and KHZ. SUH for Suhrab and YUN for Ibn Yunus are dependent on KHW. ATW is ATH FID in 
K&K, representing the enigmatic Kitlb al-Atwil wa- ‘l- c urud, whose date is still a matter of debate 
(see VIIc-4c). BIR is al-Birum, independent of KHW and ATW. The later Iranian tradition is 
dominated by the ATW tradition: TUS for al-Tusl, ULG for Ulugh Beg, and TMR for an anonymous 
15 th -century Timurid source identified in my Mecca-Centred World-Maps. 


Locality 

L 

<l> 

Comments 

1 

Mosul 

69; 0 

35;[30] 

minutes of tj) unclear; as here restored corre¬ 
sponds to KHW 

2 

Kufa 

69;30 

31;30 

KHW has L/<|>: 69;30°/31;50°; ATW has 69;30°/ 
31;30° 

3 

Samarra 

69;45 

34; 0 

as in KHW 

4 

Balad 

68;30 

36; 0 

KHW has L/(j): 68;45°/36;20°; this combination 
of L/(f> not attested elsewhere 

5 

Nisibin 

66;30 

36; 0 

L problematic; KHW has 4>: 36;0°; ATW has 
37;0° (accurately 37°5 / ) 

6 

Hit 

68;30 

33; 15 

as in KHW 

7 

Wasit 

71 ;33 

32;20 

KHW, also ATW, has L Jty. 71;30°/32;20°, but 


BIR has L: 71 ;32° (perhaps from a confusion 
between the minutes of L and the degrees of <f>); 
all this does not explain the 33 in 71;33° 


8 

Hulwan 

71 ;45 

34; 0 

as in KHW 

9 

Hamadhan 

73; 0 

36; 0 

as in KHW 

10 

Basra 

74; 0 

31;40 

KHW has L/(|>: 74;0°/31;0°; no sources have ((>: 
31;40°, so that the 40 is probably an error for 0; 
ATW has (]>: 30;3° (accurately 30°30') 

11 

Rayy 

74; [0] 

[35];35 

very confused; gazetteer has L/(j): 74:17/31:35. 


possibly to be restored in this way (note that 
“31” and “0” have similar forms in abjad 
notation)—note (restored) new value of (|). 
KHW has L/0: 75;0°/35;45°, with 74;0° as a 
variant (not attested elsewhere); SUH has 75;0°/ 
35;35°; ATW has 76;20°/35;35°; TMR con¬ 
fused. 
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12 Shiraz 78; 0 29;36 KHW has L/tj): 78;0°/32;0°; SUH has 78;0°/ 

31;0°; note new value of (|), which first appears 
in BIR FID (al-Blrunl as quoted by Abu T- 
Fida’) although BIR has 29;35°; the accurate 
value is 29°38'(!); 4>: 29;36° used by TUS/ULG/ 
TMR, etc. 


13 Nishapur 78;15 31;40 KHW has L/<\>: 80;45°/37;0°; SUH has 81;45°/ 

36;0°; these problematic values are not attested 
elsewhere, even allowing for the possibility of 
an error for 36 or 37 in the degrees of (]>; no other 
sources have L less than 80° or (|) with 40 
minutes 

14 Nihawand 74; 0 36; 0 as in KHW; ATW has (j): 34;20° (accurately 

34° 13') 


15 Isfahan 74; 0 32;30 KHW has L/t(): 74;40°/34;30°; SUH has 74;50°/ 

34;0°; the accurate value of (j) is 32°41'; ATW 
has 76;40°/32;40° (!); BIR has <|>: 33;30°, which 
SNJ converts to 32;30° (by misreading from a 
map); otherwise (j>: 32;30° not attested in early 
sources; many later sources have (j): 32;25°, as 
for example, TMR with L/<j>: 76;40°+10°/ 
32;25°. 


16 

Ahwaz 

74; 0 

32; 0 

KHW has L/<|>: 75;0°/32;0°; L: 74° corresponds 
to the 84° in PTO reduced by 10° difference in 
the prime meridians 

17 

Sus 

74; 0 

34; 0 

as in KHW (correcting L in K&K from 84;0° to 
74;0°); ATW has <|>: 32;15° (accurately 32°12') 

18 

Harran 

67; 0 

36; 0 

problematic; KHU has L/<>: 65;0°/36;40°; KHZ 
has 67;0°/37;0°; this combination of L/(j) not 
attested elsewhere 

19 

Malatya 

60; 0 

39; 0 

KHW has L/(| r. 61;0°/39;0°; no sources have L: 
60;0° 

20 

Erzerum 

66; 0 

39; 0 

KHW has L/(|): 66;0°/39;15°; no other sources 
have 39;0° (accurately 39°57'); thus minutes of 
(]> have been dropped by mistake 

21 

Sijistan 

94; 0 

32;20 

KHW has L: 74; 15° and 94; 15°, attesting to the 
numbers being written out in words (7 <=^> 9 is 


a common error); (|): 32;20° is already in KHZ 
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and SUH; ATW has L/<|>: 87;0°/32;30; Sijistan 
usually refers to Zaranj; the coordinates for both 
are confused. 


22 

Balis 

65; 15 

36; 0 

as in KHW 

23 

Homs 

61; 0 

33;40 

KHW has L/(J): 61;0°/34;0°; (]) is accurately 
34°44'; 33;40° appears first with KUS 

24 

Damascus 

[60]; 0 

33; 0 

L: 50:0° (!); KHW has L/<(>: 60°;0733;0° 

25 

Jerusalem 

56; 0 

33; 0 

KHW has L: 56;0°; PTL has the excellent value 
31;40° (accurate value is 31°47'); KHW has <|>: 
32°, sometimes with some minutes; ATW has 0: 
31;50°, also excellent; 4>: 33;0° occurs with KHZ 
and BIR 

26 

Antioch 

61;35 

35; 10 

PTO has already 0: 35;30° (accurate value is 
36°12'); KHW has L: 61;35° and 4>: 34;10° and 
33; 10° (35; 10° could be related to the first, if not 
the second) 

27 

Ramla 

55;40 

32; 0 

KHU has L: 55;40° but 4>: 32;40°; 4> is accurately 
31°56'; YUN has (|): 32;0°, probably because 
minutes were missing in KHW 

28 

Mecca 

67; 0 

21; 0 

as in KHW; note no new value of 0! 

29 

Medina 

65;20 

25; 0 

as in KHW 

30 

Oman 

87;30 

19;45 

KHW has L/4>: 84;30°/19;45°, but PTO has L: 
87;20° (with (>: 19; 15°) 

31 

Kirman 

90; 0 

30; 0 

as in KHW 

32 

Baghdad 

70; 0 

33;25 

L: 70;0° is in KHW tradition (73;0° also at- 


tested); note new value of 0 (KHW has 33;9° 
or 33;0°), also attested already in SUH, and 
used in many later sources 


Commentary: 

The values based on KHW are of less interest than the others. We are here mostly concerned 
with the very accurate “new” values found in this gazetteer for Isfahan, Shiraz, maybe Rayy, 
and also Baghdad. In the sequel I shall show that the value for Baghdad, attested in yet earlier 
sources, predates the values for the three cities in the three most important centres of culture 
in Buwayhid times. The question arises: who measured the latitudes of Isfahan and Shiraz, 
and maybe also Rayy, with such remarkable accuracy? It is also of interest that no updated 
value is given for the latitude of Mecca. 

The latitude of Isfahan (no. 15) is given as 32;30° (accurately 32°41'). Earlier values were 
considerably in error: 34;30° and 34;0° (the latter value also occurs in the gazetteer of Nastulus. 
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ATW has the much better value 32;40°. The value 32;25° used by various astrolabists from 
the 12 th century onwards is first attested in K&K as occurring in UTT, thereafter also in TUS/ 
ULG. 

The latitude of Shiraz (no. 12) is given as 29;36° (accurately 29°38'). Earlier values were 
seriously in error (32;0° and 31;0°); thus, for example, the gazetteer of Nastulus has 31°. In 
K&K this value first appears with al-Blrunl, and the derivative Sanjarl Zlj of al-Khazin 
inevitably uses 30;0° (because al-Khazin derived his values from a map based on al-Blrunl’s 
coordinates, so that his values are rounded). 125 The value 29;36°, sometimes rounded to 29;30°, 
occurs in numerous later sources, including the main TUS/ULG tradition. Curiously, no value 
is available from ATW. 

Then the latitude 33;25° for Baghdad (no. 32) is also excellent. KHW has 33;9° or 33;0°, 
and al-Khwarizm! used 33° in numerous minor works. The new latitude is attested already in 
the writings of al-Nayrlzl {ca. 900) and in SUH {ca. 930), 126 both of which seem to be too 
early for the Isfahan-Shiraz measurements. This value is used in many later sources. 

The coordinates given for Rayy (no. 11) are corrupt (that is, incorrectly engraved), and 
although I have restored them above, I prefer not to draw any conclusions from them here. 

In addition, we note that our gazetteer uses the Khwarizmian coordinates for Mecca (no. 
28), apparently in innocence of the better latitude values derived already in the early 9 th 
century. 127 

Finally, we note that only the values for Shiraz and Baghdad had an afterlife of some 
centuries. That for Isfahan was replaced by 32;25°. 

In brief, we are dealing with an Iranian modification of al-Khwarizml’s geographical data, 
incorporating a recently-derived latitude for Baghdad, and “brand new” latitudes for Isfahan 
and Shiraz, if not also Rayy. This gazetteer surely dates from the eve of the preparation of 
the more extensive Kitab al-Atwal wa- ’l- c urud, on which see VIIc-4c. One may wonder if this 
activity had anything to do with the observatory of the Buwayhid Sharaf al-Dawla (reg. 982- 
989) at Baghdad. Otherwise, apart from the contemporaneous c Abd al-Rahman al-Sufi and his 
star observations in Shiraz, I am not aware of any astronomers in Isfahan or Shiraz associated 
with any latitude observations until the Malikshah Observatory, which seems to have been 
based in Isfahan from ca. 1075 to ca. 1092. 128 This, I believe, brings us back to the enigmatic 
Kitab al-Atwal wa-’l- c urud. 


11 An astrolabe by Muhammad ibn Abi ‘1-Qasim al-Isfahanl al-Salihani dated 496 H 

International Instrument Checklist #122. 

Florence, Museo di Storia della Scienza: 1105. Formerly in the Collection of Prince Corsini. 
Earlier provenance? 


125 King, Mecca-Centred World-Maps, pp. 71-75. 

126 King, “Earliest Muslim Geodetic Measurements”, pp. 226-227. 

127 Ibid., pp. 225-226. 

128 Sayili, The Observatory in Islam, pp. 160-166, especially p. 164 on the location in Isfahan, which seems 
beyond discussion. 
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Brass. Diameter: 122 mm. Thickness: 4 mm. Signed and dated. 

Bibliography: Gunther, Astrolabes, I, p. 263 (no. 122: “Prince Corsini’s Moorish Astrolabe”); Florence 
MSS 1954 Catalogue, pp. 61-62 (no. 1105); Mayer, Islamic Astrolabists, p. 59. On the star-positions 
see Stautz, Mathematisch-astronomische Darstellungen auf mittelalterlichen Instrumenten, pp. 48 and 
50. 

This astrolabe is apparently dated 496 H [= 1102/03], or possibly 596 H [= 1199/1200] although 
there are only two dots on the intitial ta, which means 400 rather than 500. The full name 
of the maker is given as Muhamad ibn Abi T-Qasim ibn Bakran al-Najjar al-Isfahanl al- 
Salihanl, not otherwise known to me. The epithet al-Najjar indicates “the carpenter” or rather 
perhaps a more general kind of craftsman, 129 and Salihan is a mahilla near Isfahan. 130 

The throne is raised and high and it has three holes and six lobes of different sizes on each 
side. The shackle has trowel-shaped arms and supports a thick ring; both are original. The scale 
on the rim is divided 5°/l°-5° (without tens and hundreds), and is rather wide. The mater has 
a peg at the bottom to hold the plates and is marked with four concentric circles corresponding 
to the summer solstice, the equinoxes and—roughly—to the inside and outside of the 
circumferential bar on the rete. 

The rete is in the early Abbasid tradition, that is, it bears no trace of influence by al-Khujandl 
or his imitators, although it should be noted that both legs and both hands of Orion are shown 
(as is indeed the case on 10 above). It is distinguished by the fact that the long pointers for 
fam qaytus and c unuq al-shuja respectively cross and break into the lower circular bar (see 
also 10 ). Also, the extremities of the circumferential frame are attached to the ecliptic by 
two supports. In all the rete bears markings of the dagger variety for 28 stars, which are as 
follows: 


fam qaytus 


al- anaq 

al-ghul 


al-ramih 

c ayn al-thawr 


jinuq 

al- c ayyuq 


al-fakka 

al-rijl 

A 

qalb al- c aqrab 

yad 

A 

al-hawwa 

al-rijl 

B 


yad 

B 

al-waqf 

al-yamaniya 


al-tair 


dhanab al-dulfin 


129 The term najjar seems to mean something other than merely “carpenter”. See, for example, Hill, Pseudo- 
Archimedes on Water-Clocks, p. 7, and also XIVc-0. 

130 al-Suyutl, al-Lubab, p. 160a. 
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Figs, lla-b: The front and back of the Muhammad ibn Abi T-Qasim al-Isfahanl al-Salihanl (#122). [Courtesy 
of the Museo di Storia della Scienza, Florence.] 
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Fig. lib 
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Figs. 11c: The plates for Isfahan (latitude 32°) and for latitudes 0°/90° and 66°. 


al-shadmiya 
'unuq al-shuja 
qalb al-asad 
janah al-ghurab 

al-azal 


al-ridf 

dhanab al-jady 
al-mankib 
al-khadlb 
dhanab qaytus 


The positions of the stars are remarkably accurate (Stautz). 

The four plates bear altitude circles for each 6° and sometimes azimuth circles for each 10° 
below the horizon (marked A below) for the following latitudes, those for 0° and 90° (khatt 
al-istiwa and c ard a) being represented on the two halves of a single plate: 


la 

0° 


[12] h 

- 


2a 

24 


13;31 

[0] 


2b 

30 


13;56 

[-2] 

see below 

3a 

31 


13;58 

[-5!] 

see below 

4a 

32 

A 

14; 8 

[0] 


3a 

33 


14; 13 

[0] 


4b 

36 

A 

14;30 

[0] 


lb 

66 


24 

- 


la 

90 


[ 12 months ] 

- 



The errors are shown for recomputation with an obliquity of 23;51°. The longest daylight for 
latitude 31° actually corresponds exactly to latitude 30° with this obliquity. The markings are 
arranged so that the cuts at the bottom of the plates reach to the circle for the winter solstice, 
an unusual feature. The additional markings on the plates for latitudes 32° and 36° indicate 
that the maker had Isfahan and, probably, also Rayy, in mind—see also below. Curious is the 
omission of a plate for Mecca, when one serving Medina is included. 
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The back bears two altitude scales divided 5°/l°-5°. In the upper left is a set of horizontal 
parallels for each 5° up to 85° and radii for each 5°. In the upper right there is a solar quadrant 
with uniform zodiacal scales arranged axially (signs 3-8 vertically and 9 - 10 - 11 - 0-1 - 
2 horizontally in abjad notation). There are curves for the solar altitude at the zuhr and the 
‘asr, both for latitude 32°, serving [Isfahan] and marked awqat al-zuhr and awqat al- ’asr li¬ 
zard lb). In addition there is a curve for the duration of twilight marked ma bayn al-subh min 
al-mustawiya lizard lb, “(the time) between daybreak (and sunrise) in equatorial (hours) for 
latitude 32°”. This unusual feature also appears on certain later astrolabes from Iran. There 
is a single qibla indicator for Isfahan shaped like a mihrab and marked qiblat Isfahan at 38° 
W of S. Note that this value is used in an illustration of a horizontal sundial for Isfahan 
illustrated in a 13 th - or 14 ,h -century manuscript. 131 Below the horizontal diameter is a double 
shadow square for base 12 on the left and 6;30 on the right with scales divided 3/1-3 and 2/ 
1-2, respectively, and inside the squares are engraved zill al-asdbL qmd and zill al-aqdam mb 
yh, meaning “shadows in digits 144 [= 12 x 12]” and “shadows in feet 42;15 [= 6;30 x 6;30]”. 
The inscription below the shadow squares reads: 

.-u Alui ^3 1It i ^ ^ a. .-.Nft (jj AxL^a 


“Constructed by ( sana c ahu ) Muhammad ibn Abi T-Qasim ibn Bakran al-Najjar al- 
Isfahanl al-Salihanl in the year 496 (Hijra) [= 1102/03].” 

See above on the problem of the date. 

The alidade is fitted with uniform radial markings from 0 to 60 on one side and non-uniform 
markings from 0 to 90 corresponding to the Sine on the other. In addition there is a universal 
sundial with markings for the seasonal hours (see Fig. XHa-Clc). 

The vanes are 12 mm high. The pin has a circular button decorated with six spikes emanating 
from a small circle at the centre, and the wedge is a 20 th -century paper-clip (Italian ?). 

Later markings 

Latin abbreviations for the names of the first two signs —ARI and TA —are found on the rete. 


12 Miscellaneous bits and pieces 

12.1 A solitary plate with ogival markings from a “complete” astrolabe 

International Instrument Checklist #4021. 

Copenhagen, Davids Samling (= The C. L. David Collection): 7/1983. Provenance? 
Brass. Diameter: 137 mm. 

Unpublished. See Charette, Mamluk Instrumentation, p. 64. 


131 Reproduced in King, Mecca-Centred World-Maps, p. 301, with caption on p. 300, and also pp. 104-105. 
See also Fig. X-7.1.5. 
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This solitary plate—see Figs. 12.1a-b —is clearly of 10 th - or ll th -century provenance. The 
engraving bears a suspicious resemblance to that of al-Muhsin ibn Muhammad al-Tabib (see 
5) —compare, for example, the letters of the word c ard, “latitude”—but I prefer not to assert 
that it is due to him. The plate is remarkable in that first, it was intended for an astrolabe with 
extended radius of projection, and second, the markings are ogival—see Michel, Traite de 
I’Astrolabe, p. 61, and also Charette, Mamluk Instrumentation, p. 76, for some yet more 
complicated markings. 

The markings extend beyond the Tropic of Capricorn, thus serving an astrolabe of the kamil, 
“complete”, variety: see already 8.1. The outer radius corresponds to a declination of ca. -36°. 132 
There is a very small peg (partly broken?) at the bottom. On one side there are type-A ogival 
markings for latitude 36° and on the other type-B ogival markings for latitude 42°. Altitude 
circles are engraved for each 3° of altitude. The lengths of daylight are given as 14;30 h [0] 
and 15;7 h [-1], respectively, and these are based on obliquity 23;51°. 

This important piece is a unique specimen of a non-standard plate from the early period of 
Islamic instrumentation. Later examples are known from a few astrolabes of the al-Kirmanl 
family (see §1.4.12-14 of the Frankfurt catalogue) and from various instruments of the Lahore 
school. 

12.2 A solitary plate 

International Instrument Checklist #109 = #3549. 

New York, Metropolitan Museum of Art: 91.1.535. Acquired in 1891. Provenance? 

Brass. Diameter of mater: 15.5 cm. 

Bibliography: King, “Yemeni Astrolabe”, pp. 105-106, and pis. 6-7 (both sides), and now XlVa. 

A single plate of Abbasid provenance (see Figs. 12.2 and XVI-3.2) is found inside the astrolabe 
of the late-13 th -century Yemeni Sultan al-Ashraf (see XlVa). There are altitude circles for each 
6° (and no azimuth circles), and the two sides of the plate serve the 6 th and 7 th climates with 
longest day 15 V 2 h and 16 h , respectively, the associated latitudes being also given as 41° (sic) 
and 48°. Now in fact the latitude of the 6 th climate is closer to 45°, and the latitude underlying 
the first plate is about this. The latitude of the 7 th climate rounds to 48° only for obliquity 24°; 
for lower values of the obliquity it rounds to 49°. The length of daylight in the 6 th climate, 
15 V 2 h , is written in the unusual form: yh nisf literally “15 (and a) half’. 

Later additions : For some of the seasonal hours the numbers have been repeated in capital 
Greek letters; they were clearly added by a Byzantine craftsman. 


132 See Charette, Mamluk Instrumentation, p. 64. 
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Figs. 12.1 a-b: The two sides of a solitary plate with non-standard markings from a “complete” (i kamil ) 
astrolabe (#4021). [Courtesy of the Davids Sanding, Copenhagen.] 



Fig. 12.2: One side of a solitary Abbasid plate for the climates (#109). See Fig. XVI-3.2 for the other side. 
[Courtesy of the Metropolitan Museum of Art, New York.] 
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12.3 A solitary plate 

International Instrument Checklist #1026. 

Oxford, Museum of the History of Science: 57-84/155. Formerly in the Collection of J. A. Billmeir. 
Earlier provenance? 

Brass. Diameter of associated mater: 112 mm. 

Bibliography: [Francis Maddison] in Oxford MHS Billmeir Supplement Catalogue , pp. 16-18. The 
spurious nature of this plate was noticed. 

A single spurious plate with kitfi inscriptions in the astrolabe of Khafif (see la) bears altitude 
circles for each 6° for latitudes: 

36° 14;28 h [-2/0] 

41 15; 0 [-1/+2] 

The underlying obliquity is difficult to pinpoint, the errors shown being for obliquity 23;51° 
and 23;33°/23;35°, respectively. The cutout is at the top of the plate, that is, at the wrong end 
of the meridian, so that the plate would only fit upside down in the mater. This does not render 
it useless, but one wonders what the person who did this thought he was doing. But perhaps 
this plate was made for another astrolabe. Unlike the other plates in this astrolabe, no in¬ 
scriptions have been added in Armenian. 




Fig. 12.3: The two sides of a solitary Abbasid plate in the astrolabe of Khafif (#1026). [Courtesy of Museum 
of the History of Science, Oxford.] 
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13 A 13 th -century (not 10 th -century) horary quadrant for [Nishapur or the 4 th climate] by 
Muhammad ibn Mahmud (al-Tabari) 

New York, Metropolitan Museum of Art, inv. no. 36.20.54 (Rogers Fund, 1936). Unearthed during 
excavations by an MMA team in Nishapur in 1936. Exhibited at the “Festival of Islam in London”, 
1976. 

Brass. Radius of quadrant: 65 mm. 

International Instrument Checklist #5001 

Unpublished. On the accuracy of the scale and the horary markings see Stautz, Mathematisch- 
astronomische Darstellungen auf mittelalterlichen Instrumenten, pp. 51 and 52. 

Whereas the Muslims learned of the astrolabe from their Greek predecessors, the astronomical 
quadrant was a purely Muslim invention (X-6). There are different kinds of quadrants, and the 
type that concerns us here was developed in Baghdad in the 9 th century (see Fig. XI-4.1a). 
As we have seen, such quadrants appear already on some of the more sophisticated 10 th -century 
'Iraqi astrolabes (8.1 and 9) and they feature occasionally on later pieces (see Fig. X-6.3.1). 
Several varieties are illlustrated by al-Marrakushl and Najm al-Dln al-Misrl. 

This piece has been though to date from the 10 th century, for it was apparently unearthed in a 
layer from that century during excavations at Nishapur in 1936. The elegant kufl inscriptions 
would confirm this. However, Francis Maddison and Emilie Savage-Smith have identified the 
maker, here named only as Muhammad ibn Mahmud, with the Muhammad ibn Mahmud al-Tabari 
who made a globe in 684 H [= 1285/86] (#6006+), which is now in the Khalili Collection in 
London. 133 The maker’s signature on the globe is shown in Fig. 13c. Thus, we have been spared 
repeating the mistake of assigning the quadrant to the 10 th century, as I did in the article “Rub c ” in 
the Encyclopaedia of Islam. Another early horary quadrant, possibly also 13 th century, and this 
time for the latitude of Cairo, is described in A2 below. 

The markings on these quadrants are essentially graphical representations of the solar altitude 
at the seasonal hours as a function of solar longitude, that is, throughout the year. The solar 
longitude is entered radially, the divisions being uniform and serving a pair of zodiacal signs 
having the same solar declination (that is, symmetrically placed with respect to the solstices). 
The radial scales enable the user to insert the solar longitude, the signs of the zodiac being 
engraved along the two radii, from the innermost circle for the winter solstice, the first major 
division serving Aquarius and Capricorn, to the outermost circle for the summer solstice, the 
last division serving Cancer and Gemini. The solar altitude is read from the scale on the 
circumference. There are curves for each of the six seasonal hours between the time when the 
sun is on the horizon in the east or west and midday, which is the sixth hour. The seasonal 
hours are a survival from Antiquity and were in common use in the Islamic Middle Ages. 

The front bears a scale divided 5°/l° and labelled for each 5° (without tens). There are 
problems with the divisions, especially between arguments 75° and 90°. In fact, between 0° 


133 London Khalili Collection Catalogue, I, p. 212-213 (no. 123), also King, “Review”, col. 255. A poor copy 
of this globe, complete with a copy of the inscription, is in the Louvre (#6006): see Savage-Smith, Islamicate 
Globes, pp. 220-221 (no. 6), and Mayer, Islamic Astrolabists, p. 72. 
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Figs. 13a-c: (a) The unsigned horary quadrant for latitude 36° (#5001). Compare the only other surviving 
instrument of this kind, illustrated in Fig. A2a. [Courtesy of the Metropolitan Museum of Art (Rogers Fund, 
1936), New York City.] 

(b) Detail of the signature of Muhammad ibn Mahmud on his quadrant. 

(c) The signature of Muhammad ibn Mahmud al-Asturlabl, who signs himself elsewhere al-Tabari, on the globe 
he constructed in the late 13 th century. The similarity with the signature on the New York quadrant is remarkable, 
and adequate for attributing the latter to al-Tabari. [From London Khalili Collection Catalogue , I, p. 212.] 
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and 5° and again between 85° and 90° there are six 1° divisions. The zodiacal scale starts at 
a point 0.20 of the radius of the horary markings from the centre and is divided equally for 
six signs: Cancer to Sagittarius on one axis and Capricorn to Gemini on the other. The hour 
curves are reasonably-smooth sigmoid curves. Burkhard Stautz states that the curves are not 
very accurate but alas presents no graphics. The underlying latitude is [36°], serving Nishapur 
and also the fourth climate. The solstitial midday altitudes imply that the obliquity was taken 
as [24°]. The inscription: 




“Constructed by Muhammad ibn Mahmud” 

is engraved on the outer band of quarter-circles for the signs. The circular parts of the minis 
give the impression of having been stamped. There are no markings on the back beyond the 
twoaxila radii and some scratches. The sighting vanes are cylindrical on rectangular protrusions, 
but there are no viewing holes. 


APPENDIX: OTHER EARLY INSTRUMENTS IN KUWAITI COLLECTIONS 


These descriptions were published in 1995 along with my accounts of the two very early 
astrolabes in Kuwaiti collections, 3.1 and 9, and I include them here rather than consign them 
to oblivion. 


A1 An astrolabe by Muhammad ibn Hamid ibn Mahmud al-Isfahani dated 571 H 

International Instrument Checklist #4199. 

Kuwait, Islamic Archaeological Museum (Dar al-Athar al-Islamiyya), inv. no. LNS 34M. Purchased 
from Alain Brieux, Paris, ca. 1976. Found in a well in Nishapur in 1973. Exhibited in London in 1976 
and loaned to the Institut du Monde Arabe in Paris in the late 1980s. 

Brass. Diameter: 89 mm. 

Bibliography: London SM 1976 Exhibition Catalogue , pp. 111-112 (no. 51) (unpublished); and the 
following Kuwait catalogues: NM 1984 , p. 7 and DAI 1989 , p. 12; King, “Kuwait Astrolabes”, pp. 
89-91 and 92 (no. 3). 

Already in the 10 th century, fine astrolabes were being made in Isfahan. In the 12 th century, 
there was a family of astrolabists working there. Four astrolabes signed by Muhammad ibn 
Hamid ibn Mahmud al-Isfahanl are known besides this one, and are now preserved in Istanbul, 
Tehran and London: see Fig. X-1.5 for the second. A single astrolabe made by his father Hamid 
is known, and his brother Mas c ud also bore the epithet al-asturlabl but none of his instruments 
has survived. 1 Whilst the nisba al-Isfahanl is not in itself proof that they worked in Isfahan, 
markings on the instruments show that they did indeed. The Istanbul and Tehran astrolabes 
are considerably more ornate than the Kuwait and London pieces (of the last only the mater 
remains), and the Kuwait piece is more reminiscent of the single surviving astrolabe by the 


1 On the family see Mayer, Islamic Astrolabists , pp. 46 (father) and 67 (son), and more especially Maddison, 
“Locks”, pp. 148-153. 

The astrolabe by Hamid is: 

#4: Leonard Linton Collection (acquired from Alain Brieux, Paris, formerly in the Negrotto Collection (?) and 
then in the S. V. Hoffmann Collection; for some time on loan to the National Museum of American History, 
Washington, D. C.; exhibited in Washington, D.C., and Riyadh in 1985); diameter 134 mm—see Gunther, 
Astrolabes , p. 117 (no. 4) and pi. XXIV; Linton Collection Catalogue , pp. 83 (no. 161), with superb colour plates 
of the front and back); Riyadh 1985 Exhibition Catalogue , pp. 80-81 (with superb colour plate of front); 
Washington NMAH Catalogue , pp. 62-64 (no. 4). 

The other astrolabes by Muhammad are: 

#1177: Istanbul, Turk ve Islam Eserleri Miizesi, inv. no. 2952, dated 556 H, diameter 125 mm. See Mayer, Islamic 
Astrolabists , p. 67, no. I and pi. V (back only); Nasr, Islamic Science , p. 120, pi. 74, with the false caption 
(p. 243) “astrolabe from Seville of the 7th / 13th century”; Meyer, “Instrumente”, p. 23, pi. 3 (front only). 
#1211: Tehran, Museh-e Iran-e Bastan (ex Hakim Collection, London), inv. no. 148, dated 558 H; diameter 
unknown: see Zick-Nissen, “Astrolabes”, p. 183, n. 2, and p. 186 (illustration of the front); Maddison, “Locks”, 
p. 155 and fig. 9 (front and back). 

#3532: London, Ahuan Gallery; undated, diameter 125 mm. 
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a 



Figs. Ala-b: The front and back of the 
astrolabe of Muhammad ibn Hamid ibn 
Mahmud al-Isfahanl dated 571 H [= 1175/ 
76] (#4199). [Courtesy of the Dar al-Athar 
al-Islamiyya, Kuwait.] 


father. Both pieces are in the tradition of Abbasid astrolabes from the 10 th century (exemplified 
by that of Nastulus—see above), with, however, more elaborate thrones and additional 
astronomical markings, including quadrants and scales of the kinds developed in Baghdad in 
the 9 th century, on the back. 

The throne is large with two holes on each side of a vertical line. There are three lobes of 
different size and one prominent small one on each side. The suspensory apparatus is original, 
with trowel-shaped sides to the shackle. The scale on the rim is divided 5°/l°-5°. The rim is 
damaged in the upper left quadrant. The mater itself is marked only with the three base circles, 
and there is a peg below the centre at 0.86 of the inner radius to hold the plates in position. 

The rete is simple and is in the Abbasid tradition. The equinoctial bar is rectilinear and there 
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is a handle on the right-hand support of the equatorial bar. The scale of the ecliptic is divided 
for each 6° and the divisions are not labelled. The star-pointers are dagger-shaped, some with 
curved indicators, apparently for 14 (= 5 + 3 + 3 + 3) stars (Brieux & Maddison state that 
there are 15), as follows (the order is not certain in the first quadrant): 

[al-ghul] name unclear 
al-dabaran 
al- 'ayyiiq 
yad 
rijl 


al-yamaniya 
al-sha amiya 
qalb al-asad 

There are two plates with altitude circles for each 6° and either curves for the equinoctial hours 
since sunset in addition to curves for the seasonal hours (H below) or azimuth curves for each 
10° below the horizon (A). The latitudes served are: 


la 

30 

A 

13;58 h 

[0] 

lb 

32 

A 

14; 8 

[0] 

2a 

36 

H 

14;22 

[?] 


The lengths of daylight—at least the first two—are based on obliquity 23;51°. My reading 
14;22 may be my mistake for 14;32 [+2] or even 14;30 [0], But this is not the only problem. 
In the Kuwait catalogue I wrote that plate 2b had similar markings for latitude 34°, which 
together with the others would provide a nice range for both Iran and Iraq. Alas, since I do 
not have a complete set of photos, I cannot check this. Also the London 1976 catalogue omits 
the latitudes. In the Frankfurt catalogue, however, I find that I wrote that plate 2b is marked 
with horizons for latitudes between 18° and 38° with lengths of maximum daylight indicated 
as follows: 

38 14;39 h [?] 

The value 14;39 h is in error by -3/-1/0' for obliquity 23;51/35/33°, so it is important to 
investigate the other values. Somebody should look at this piece again. 

The back bears two altitude scales divided 5°/l°-5°. In the upper left quadrant is a sine 
quadrant (sines only) and in the upper right a zodiacal quadrant displaying the solar altitude 
at the zuhr and the c a.sr for latitude 32°, that is, [Isfahan], In the lower half are two shadow 
squares (6;30 aqdam, 12 asabi c ). The inscription reads: 

4A .id A xI* 

“Constructed by Muhammad ibn Hamid al-Isfahanl in the year 571 (Hijra) [= 1175/76].” 


al-ramih 

fakka 

al-hawwa 


[i al-waqf ] name not visible 

al-tair 

[al?]-ridf 
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A2 The horary quadrant for [Cairo] by the muezzin Sa‘du ibn ‘All 

International Instrument Checklist #5002. 

Formerly in the collection of Jasim al-Homaizi, acquired from Alain Brieux in Paris ca. 1976. Stolen 
during the Iraqi occupation of Kuwait and not yet recovered. 

Brass. Radius: ca. 6 mm. Thic kn ess: 1 mm. 

Bibliography: London SM 1976 Exhibition Catalogue, p. 151 (no. 71); King, “al-Khwarizml”, esp. p. 
30, pi. 10; and idem, “Kuwait Astrolabes”, pp. 91-93 (no. 4). Maker listed in Mayer, Islamic 
Astrolabists, p. 71, with attribution to 10 th century. Briefly described in London SM 1976 Exhibition 
Catalogue, p. 151 (no. 70, dated to 10 th or 11 th century), but this was never published. Front illustrated 
in the article “Rub‘” in LI., with dating to 10 th century. On the accuracy of the scale and the horary 
markings, see Stautz, Mathematisch-astronomische Darstellungen auf mittelalterlichen Instrumenten, 
pp. 51 and 52. 

Only two early Islamic quadrants survive, both horary quadrants serving to find the time of 
day from the solar altitude. One, recovered from excavations in Nishapur in 1936 and datable 
to the 10 th century, is discussed above (13). The other, treated here, is signed by a muezzin 
in Fustat or Cairo, and is possibly not much later. 2 

On the right-hand axis are two sights and at the centre is attached a small shackle. The outer 
scale is divided 5°/l° and labelled 5—10—5—90 from left to right. Inside it is a non-uniform 
scale divided 5/1-5 up to 25 for shadows to base 7 marked z ill al-aqdam. The zodiacal scale 
is uniformly spaced and marked for signs Capricorn to Gemini on the left and Sagittarius to 
Cancer on the right. The circle for the winter solstice is labelled aqsar yawm (shortest day), 
and that for the equinoxes khatt cd-L tided and that for the summer solstice atwal for atwal yawm 
(longest day). The hour curves have been drawn by connecting points on the zodiacal circles 
by linear segments. The spaces between the horizon and the midday curve are labelled: 

1 /12—2/11—3/10—3/9—5/8—6/7 

in words. There is dotted curve for the c asr prayer, so marked. To the right of the midday curve 
is the statement: “seasonal hours (saat zamaniyya ) for latitude 30°”, and the inscription: 


j ip- ^ \y ■ ii A x V a 


“Constructed by Sa‘du ibn ‘All the muezzin.” 


2 On the background see King, “Astronomy of the Mamluks”, and idem, “Muwaqqits”, now in V. See 
especially Fig. XI-9.4c on some 13 th -century illustrations of different kinds of quadrants, alas, none of them 
horary quadrants for a specific latitude. 
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Fig. A2a-b: The quadrant of Sa c du ibn c All, the muezzin, and a detail of his signature. Compare the only other 
surviving instrument of this kind, illustrated in Fig. 13a. [Courtesy of the owner.] 






Part Xllld 

A medieval Italian testimonial to 
an early Islamic tradition of 
non-standard astrolabes 




Dedicated to Mara Miniati in 2003 




DEDICATION, 

ACKNOWLEDGEMENTS AND NOTES TO THIS VERSION 


It is always a pleasure to visit the splendid Istituto e Museo di Storia della Scienza in Florence, 
and Dr. Mara Miniati was forever ready to help on a variety of matters. Lunches at her favourite 
trattoria were a most pleasant break from instruments. The Festschrift published on the 
occasion of her retirement reflects the appreciation of numerous scholars for her work in the 
Museum over many years and for her constant readiness to help colleagues. 

It is also a pleasure to acknowledge my longstanding debts to the Museum of the History 
of Science at Oxford and the Museo di Storia della Scienza in Florence. To Dr. Francois 
Charette, currently at the Dibner Institute (M.I.T., Cambridge, Mass.), my thanks for his critical 
comments on earlier versions of this text (and most other new texts of mine) and for most of 
the graphics. Recent research in Frankfurt on medieval instruments has been generously funded 
by the German Research Foundation (DFG) in Bonn (see n. 1). 

This study first appeared as “A Remarkable Italian Astrolabe from ca. 1300—Witness to 
an Ingenious Islamic Tradition of Non-Standard Astrolabes”, in MUSA MUSAEI: Studies on 
Scientific Instruments and Collections in Honour of Mara Miniati, Marco Beretta, Paolo 
Galluzzi and Carlo Triarico, eds., Florence: Leo S. Olschki, 2003, pp. 29-52. The reader of 
that article should know that it went through some delivery problems, but—much to the credit 
of the editors and publishers—finally emerged more or less unscathed. The only remaining 
problems seem to be the following: 

♦♦♦ Illustrations of the myrtle astrolabes of al-Jazzar and Ibn al-Sarraj had to be omitted, 
but these can be consulted in the references provided (notes 18 and 24). 

❖ P. 37, 1. 6: remove “(see Fig. 7)”. 

❖ P. 37, 1. 3 of the continuation of n. 17: for “late” substitute “early”. 

❖ P. 46, Fig. 9c: The diagram that ended up here—after much panic and several trans- 
Atlantic exchanges—is the wrong one: it lacks the curves for “casting the rays”, such 
as are shown here in Fig. 9c. 

The present version corresponds more closely to the original version submitted, notably with 
the use of bibliographical abbreviations. Also, since some of the illustrations submitted with 
the original text could not be included there, but now are found elsewhere in the present volume, 
they have been appropriately cross-referenced. 

Only in February, 2005, did I realize that a closely-related astrolabe is featured in one of the 
most famous Flemish painting of the 15 th century. Details are included in 2 . 9 . 
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1 Introductory remarks 
1 The problem 

A charming tiny medieval astrolabe with highly unusual features, preserved for the last century 
in the Museum of the History of Science at Oxford (Figs. 1-2), presents us with a series of 
challenges with regard to its geographical provenance, historical context, technical function, 
and authenticity. 1 The instrument has some standard features, 2 3 but it is those which are non¬ 
standard that are of particular historical interest. Lewis Evans acquired the piece for Oxford 
around 1900 from the bookseller Olschki in Florence. It has not been seriously studied since 
the early 1930s, when Robert T. Gunther included a description in his Astrolabes of the World? 
Gunther somehow derived 38° for the terrestrial latitude underlying the markings on the mater 
and hence designated it “Sicilian”. The latitude is actually 24°, serving Aswan, etc., but the 
instrument is not to be classified as “Syenian”. Nevertheless, there may well be a “Sicilian 
connection”. 

The preparation of regional surveys of instrumentation in medieval Europe is a worthwhile 
and feasible task for the future, but for Italy, the task is somewhat more daunting than for other 
regions. 4 This is not because of any lack of sources. For over two dozen Italian astrolabes pre¬ 
dating 1500 are known but not all published, and also various medieval treatises of Italian 
provenance on the construction and use of the astrolabe await study. The earliest dated Italian 
astrolabe (#4523) is signed by one Antonius de Pacent in Lanzano in the year 1420. 5 Some 
undated pieces, alas also unsigned so that none of them can be conclusively associated with 


1 This study came into being during the course of the Frankfurt-based project to catalogue all medieval Islamic 
and European instruments to ca. 1500. On some of the results of this see King, “Astronomical Instruments 
between East and West”, and also idem , Ciphers of the Monks , pp. 364-405. A list of such instruments ordered 
by provenance and date is available on the website “Catalogue of Medieval Instruments” - see now XVIII for 
the early Islamic instruments. 

2 For general introductions to the astrolabe see Greenwich Astrolabe Booklet ; North, “The Astrolabe”; Trento, 
L’astrolabio; and now Xllla. 

3 Gunther, Astrolabes , II, pp. 319-320 (no. 169); Price et al.. Astrolabe Checklist , #169. My first reflections 
on this instrument are recorded in King, “Medieval Instruments and their Secrets”, pp. 50-52, and idem , 
“Astronomical Instruments between East and West”, pp. 168-169. An anonymous description in the website 
“Oxford MHS Database ”, accessible under “Sicily”, gives the date as “ ca . 1460?” and leads also to another 
instrument which is not Sicilian at all. The more recent website “EPACT—Scientific Instruments of Medieval 
and Renaissance Europe” has a fine colour illustration of the front, as well as a description by Jim Bennett 
partly based on Gunther. The instrument, which now bears the inventory number 40829 in the Oxford collection, 
here becomes “later 15 th century” and “Italian?”, but with the latitude still 38°. 

4 The problems of instrumentation in medieval Italy are well reflected by the fact that Gunther in 1932 could 
provide no introduction to his section on Italian astrolabes, and included in that section some astrolabes that 
are actually German and French. Major steps to improve the documentation of Italian astrolabes were taken by 
Tullio Tomba in a series of articles on individual instruments (listed as Tomba, “Astrolabi”, A-D) and catalogues 
of collections in Milan. No list of medieval Italian astrolabes is available, and for the time being the reader 
may consult the table of contents of “Catalogue of Medieval Instruments”, §6.1-5 and §6.7. 

5 This piece, preserved in a private collection in Germany, is analysed in detail in Stautz, “Astrolab aus dem 
Jahr 1420”; see also idem , Mathematisch-astronomische Darstellungen auf mittelalterlichen Instrumenten , pp. 
88-92 and 249-252. It is not without its problems—the star-positions on the rete are a disaster because the ecliptic 
and equatorial coordinate systems have been confused, and plates are labelled for different latitudes but all are 
in fact engraved for latitude 45°—but these do not detract from its historical interest. 
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Figs. 1-2: The front and back of the enigmatic Oxford astrolabe (#169). [Courtesy of the Museum of the History 
of Science, Oxford.] 
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Italy, may well be earlier than this. One of these, #493, preserved in Florence, is possibly the 
oldest: see further 2.2 below. Of the others, I mention here only the following: one in Oxford 
(#166), 6 three in Nuremberg (#558, #547 and #548), 7 one in Munich (#621), 8 and two others 
in private collections (#4509 and #4556). 9 

Clearly, we are dealing with one of the earliest surviving Italian astrolabes, and, also, with 
the smallest surviving European astrolabe. However, as we shall see, this instrument is 
important for other reasons, and is surely one of the most interesting astrolabes from the 
European Middle Ages. Before we can even begin to understand it and to consider its 
authenticity, 10 we need to survey the possibilities relating to its historical context, first 
introducing some general concepts. We also need to be aware that astronomical instrumentation 
in medieval Europe was largely indebted to Islamic instrumentation. 11 Indeed, for most 
technical innovations in European instrumentation up to ca. 1600 we can identify Islamic 
precedents, although this does not, of course, always imply direct transmission or exclude 
independent initiative. 12 


6 On #166 (Museum of the History of Science, inv. no. IC 166) see Gunther, Astrolabes , II, pp. 316-317 (no. 
166), and Stautz, Mathematisch-astronomische Darstellungen auf mittelalterlichen Instrumenten, pp. 85 and 244. 
On this piece, purchased in 1899 in Venice, the latitudes serve the climates and there are no clearly Italian 
features, but I am inclined to think that it is Italian not least because the rete-design bears no relation to the 
Western Islamic / Iberian tradition. 

7 On #558 (Germanisches Nationalmuseum, inv. no. WI 282), an early medieval European astrolabe of 
uncertain provenance but possibly Italian, with plates for latitudes between 16° and 52°, see King, “Nuremberg 
Astrolabes”, II, pp. 574-576 (no. 1.72). 

On #547 (inv. no. WI 21), a 14 th -century Italian quatrefoil astrolabe, with a single plate for 42° and 45°, 
see ibid., II, pp. 576-578 (no. 1.73). 

On #548 (inv. no. WI 6), a 14 th -century Italian (?) astrolabe with plates for latitudes between 30° and 55° 
and additional 15 th -century markings, probably added in Paris, see ibid., II, pp. 578-581 (no. 1.74). 

8 On #621 (Deutsches Museum, inv. no. 5178) see Munich Astrolabe Catalogue, pp. 161-176 (no. 2), also 
illustrated in King, “The Oldest European Astrolabe”, fig. 13. This is a composite piece with a very early limbus, 
rete and plates, and a back from another astrolabe with inscriptions in Hebrew. 

9 On #4509, which has a replacement plate from a Byzantine astrolabe and additional markings in Hebrew, 
see Sotheby’s 18.6.1986 Catalogue, pp. 24-25 (lot no. 125); and Amsterdam NK 1990 Exhibition Catalogue, 
p. 101 (no. 186, dated ca. 1300, described as French) with a colour plate of the front on p. 106; also King, 
Ciphers of the Monks, pp. 290-291. 

On #4556 see the detailed description in Christie’s 29.9.1994 Catalogue, pp. 34-39 (lot 136), for the 
provenance, “both Italy and England are contenders” (!)); the front is illustrated in King, “The Oldest European 
Astrolabe”, fig. 21. See now XIIa-10.2. 

10 There is an unfortunate trend in our field motivated by the belief that if a historical instrument cannot be 
understood in the light of our present knowledge, it must be a fake. See n. 26 and 2.7 below. 

11 The best overview of medieval European instruments remains Poulle, Instruments astronomiques du Moyen 
Age, published over 30 years ago. See also King, Ciphers of the Monks, pp. 369-419, for some of the latest 
research. For an overview of Islamic instrumentation see X, and for remarks on Islamic and medieval European 
astrolabes see XHIa. 

12 The same holds for other scientific disciplines. To the list in Ragep, “Freeing Astronomy from Philosophy”, 
p. 51, add astronomical timekeeping and astronomical instrumentation. 
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Fig. 3: (a) The standard northern projection of the ecliptic, (b) The standard southern projection, (c) The full 
myrtle ecliptic, combining the northern projection of the northern signs and the southern projection of the 
southern signs, (d) The rotated half myrtle ecliptic, on which both halves of the ecliptic are represented on the 
same single circular arc. This is achieved by rotating the upper half so that it coincides with the lower half. 
[Graphics by Frangois Charette.] 



Fig. 4: (a) A set of standard astrolabic markings, that is, based on a northern projection, for latitude 24°. (b) 
A set of markings for the same latitude based on a southern projection, (c) The combination of such markings, 
which could be equally be considered as representing altitude circles above and below the horizon for either 
projection. On the myrtle astrolabe, the markings bounded by the equatorial circle would suffice. See further 
Fig. 9. [Graphics by Frangois Charette.] 
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Fig. 5: Illustrations of the myrtle and drum astrolabe retes and the full plate of altitude circles that serves them 
both, taken from a fine copy of the treatise on astrolabe construction by al-Blrunl (fl. Central Asia, ca. 1025). 
al-Blrunl took most of his information on non-standard astrolabes from his early contemporary al-SijzI, who 
in his treatise on astrolabe construction, rediscovered in Istanbul in the 1970s, had mentioned not only the 
different varieties but also the names of those who invented them and a few examples that had been presented 
to various dignitaries. One particular myrtle astrolabe made by al-SijzI himself is mentioned on this page. [From 
MS Istanbul Topkapi Ahmet III 3505, courtesy of the Topkapi Sarayi Kutuphanesi.] 


2 Universal and latitude-dependent instruments in medieval astronomy 

In the history of spherical astronomy, we can distinguish between solutions that are universal 
and those that are restricted to a single latitude. The underlying formulae are of course by their 
nature universal, and the universal solutions to which I refer can be in the form of astronomical 
tables or astronomical instruments. Already in Greek astronomy, certain solutions were 
proposed for each of the seven geographical “climates” of Antiquity (see Fig. XVI-2.1). 13 These 
included, for example, tables of oblique ascensions for each of the climates, and astrolabes 
fitted with plates for each climate. This explains why medieval European astrolabes were 
sometimes fitted with a set of plates for an extensive range of latitudes, say, 16°-52°. Likewise, 
an armillary sphere that can be adjusted for any latitude is universal. On the other hand, an 
astrolabic quadrant derived from a single astrolabic plate serves only a specific latitude. 
Universal solutions were very popular in Islamic astronomy (see Vla-b). 


13 On the climates in instrumentation, see King, “Geography of Astrolabes”, pp. 6-9; idem , Mecca-Centred 
World-Maps , pp. 24, 27-28 and 230-234; idem , The Ciphers of the Monks , pp. 356-357, 360-361 and 411-415; 
and now XVI-2-3. 

By a quirk of fate, the latitudes of the climates correspond more or less to localities where serious astronomy 
was practiced at some time between Antiquity and the European Renaissance: Cl: Yemen; C2: Aswan; C3: 
Alexandria, Cairo; C4: Rhodes, Rayy; C5: Constantinople, Barcelona; C6: Lyon, Po Valley; C7: Vienna, 
Nuremberg, Paris. 
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Fig. 6: A unique example of an astrolabe with a “myrtle”-shaped rete made in the Maghrib by ‘All ibn Ibrahim 
al-Jazzar in 728 H [= 1327/28] (#3579). There is only one plate, a universal one. An interesting question is 
whether this particular instrument is representative of the Andalusi tradition of ‘All ibn Khalaf and Ibn al- 
Zarqalluh or the Eastern Islamic tradition described by al-Sijzl, al-Blrunl and al-Marrakushl (see Fig. 5). 
[Courtesy of the Museum of the History of Science, Oxford.] 


3 Mixed north-south astrolabe projections 

The standard astrolabe is based on what is traditionally called a northern stereographic 
projection, that is, a projection of the northern sky in the plane of the celestial equator with 
the south celestial pole as the pole of the projection. The resulting projection of the ecliptic 
is unhappy, because the northern signs of the ecliptic end up on a small arc and the southern 
signs on an arc about twice the size (see Fig. 3a). On a southern projection, the situation is 
reversed (see Fig. 3b). Muslim astronomers in the 9 th and 10 th centuries addressed this problem 
and devised a series of solutions involving combinations of northern and southern projections. 
With a mixed rete, one must have appropriate combinations of north-south markings on the 
plate. It helps to keep in mind that in the case of problems involving solar longitude and solar 
altitude, the same problems can be solved using the opposite solar longitude on the ecliptic 
and the same solar altitude now below the horizon. To put it another way, if one has a mixed 
ecliptic, one needs a mixed plate with altitude markings below the horizon equivalent to 
markings above the horizon in the opposite projection (see Fig. 4a-c). 

The most useful, and at the same time the most aesthetically pleasing of these solutions was 
the so-called “myrtle-leaf’ ecliptic, comprising a northern projection of the northern signs and 
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a southern projection of the southern signs and bounded by the equinoctial circle (see Fig. 3c). 14 
With such an ecliptic, one needs only a complete set of altitude circles above and below the 
horizon to solve all of the standard problems of spherical astronomy. (There is no longer empty 
space for the markings for the seasonal hours below the horizon, but these can be included 
nevertheless.) The “drum-shaped” ecliptic was the made up of the two longer arcs of the 
ecliptic. 

With such a combination, one has, however, lost the function of the astrolabe as an “analogue 
computer” in the sense of a model of the universe, and produced more of an abstract instrument, 
or less of a representational one. The fact that the myrtle ecliptic is symmetrical about the 
horizontal (equinoctial) axis was not lost on medieval astronomers: one-half would actually 
suffice to represent the entire ecliptic—see Fig. 3d —with a consequent further loss of “direct” 
representation of the heavens. 

The astrolabe with a myrtle rete was the invention of some unidentified 9 th - or early-10 th - 
century Muslim astronomer in Baghdad, for both it and the astrolabe with the drum-shaped 
ecliptic are mentioned by the mathematician Ibrahim ibn Sinan (907-946): 15 

“Some people make the astrolabe with respect to the northern celestial pole, and this 
is the most common case. But a minority make it with respect to the southern pole 

.Other people are less conventional: they make the astrolabe in two halves. One 

of them is (projected) from the northern pole, and the other from the southern pole. 

. [The author then presents illustrations of the myrtle and drum ecliptics.] 

The myrtle rete was known to the major Muslim authors of instrument texts thereafter: al-Sijzl 
in the late 10 th century, al-Blrunl in the early 11 th (see Fig. 5), al-Marrakushl in the late 13 th , 
and Najm al-Dln al-Misrl in the early 14 th . 16 

Alas, very few Islamic instruments featuring these non-standard features survive. One, 
preserved in Oxford (#3579), was made in the year 728 H [= 1327/28] by ‘All ibn Ibrahim 
al-Jazzar, a muezzin in Taza (now in Morocco) (see Fig. 6). 17 It has a full myrtle ecliptic and 
a universal plate of the type similar to, but not identical with, the one designed by the Andalusl 
Ibn Baso in the early 13 th century (see Fig. X-5.2.6). Evidence of other instruments in this 
tradition is not lacking, but they were clearly not widespread. On the other hand, they were 


14 1 maintain the English equivalent of the Arabic as, “myrtle”, as in al-asturlab al-asi, literally “the myrtle 
astrolabe”, meaning “the astrolabe with an ecliptic shaped like a myrtle-leaf on its rete”. The reader should consult 
the works cited in the next note to learn about “buffalo”, “crab”, “tortoise” and “fish” astrolabes, to name just 
a few. 

15 Charette, Mamluk Instrumentation, pp. 68-69. 

16 See Sedillot-yiA, Traite (on al-Marrakushi, late-13 lh -century Cairo), pp. 181-182; and Charette, Mamluk 
Instrumentation, pp. 63-83 (general survey and details of the instruments by Najm al-Dln al-Misrl (Cairo, ca. 
1325)); also Frank, Zur Geschichte des Astrolabs, pp. 9-18; Lorch, “Mischastrolabien”; and King, Mecca-Centred 
World-Maps, pp. 345-349. Richard Lorch has prepared a study of the writings of al-Sijzl, which is not yet 
published. For an overview see also Michel, Traite de l'astrolabe, pp. 69-71, although Michel erred when he 
dismissed these mixed retes as “une coquetterie geometrique”. 

17 On the maker, see Mayer, Islamic Astrolabists, supp., p. 294. On the universal plate of Ibn Baso and its 
afterlife in Europe see Calvo, Ibn Baso and his Universal Plate, “Ibn Baso’s Universal Plate”, and “The Use 
of Ibn Baso’s Universal Plate”, and also King, “Astronomical Instruments between East and West”, p. 156. See 
now X-5.2. 
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well enough known to have been part of the corpus of Islamic astronomical notions transmitted 
to medieval Europe, if only to languish there, first being truly appreciated in the Renaissance. 18 

In this connection we should mention a 14 lh -century Northern French astrolabe, preserved 
in the Science Museum in London (see Figs. X-5.4.3 and 6.3.2), which is unique amongst 
European astrolabes not only because it has a gear mechanism for representing the relative 
motions of the sun and moon, but also because it is based on a southern stereographic 
projection. 19 This piece is clearly of great historical interest not least because the first 
monumental astrolabic clocks in Europe featured the same. 20 But we perhaps need to be 
reminded that some astrolabists in 9 th - or 10 lh -century Iraq also made astrolabes based on a 
southern projection. 21 

4 Mixed north-south ecliptic scales on universal astrolabes 

The ll th -century Andalusl astronomer Ibn al-Zarqalluh devised a single plate—based on a 
stereographic projection from the equinox onto the solstitial colure—which could be used 
universally since it was independent of latitude. From the same milieu came the universal 
astrolabe, associated with c All ibn Khalaf, in which at least a semicircle of such universal 
markings can rotate over another complete set: this serves the transformation of coordinates 
from one system—equatorial, ecliptic or horizon-based—to another. 22 The ecliptic would be 
represented on a diameter and the stars based on a universal projection. However, in order to 
add to the universal astrolabe some of the functionality of the standard astrolabe, later 
astronomers devised other representations of the stars and ecliptic on the rete of the universal 
astrolabe that would fit on the other one-half of the rete. The “half myrtle ecliptic”, that is, 
a half myrtle ecliptic with a double scale, so the northern and southern signs are represented 
on the same circular arc, was the optimal solution, and now the stars could be in either a northern 
or southern projection. Their positions in some cases will no longer correspond to the 
appropriate signs of the ecliptic scale. 

Only two Islamic universal astrolabes have survived. One, already known to Gunther, was 
made in the year 729 H [= 1328/29] by the astronomer Ibn al-Sarraj of Aleppo (#140): it is 
universal in five different ways and easily qualifies, from a mathematical point of view, as 
the most sophisticated astrolabe ever made (see XIVb-5.1). 23 The other (#4201) was discovered 


18 See n. 12. 

19 On #198 (Science Museum, inv. no. 1880.32) see Gunther, Astrolabes, II, p. 347 (no. 198) and pi. LXXXI; 
North, “ Opus quarundam rotarum mirabilium ”, pp. 369-371 (pp. 167-169 of the reprint); and King, Ciphers 
of the Monks, pp. 398-399, 402-403, 406, 410, 416-417, also p. 138, n. 6. This piece is not without its problems: 
for example, the ecliptic on the rete is improperly constructed (see Stautz, Mathematisch-astronomische 
Darstellungen auf mittelalterlichen Instrumenten, pp. 103-104 and 262), as are the scales of the shadow square 
on the back (see King, Ciphers of the Monks, pp. 416-417). 

20 North, “Monasticism and the First Mechanical Clocks”, pp. 391-392 (pp. 181-182 of the reprint). 

21 See the text to n. 15 above. 

22 Charette, Mamluk Instrumentation, pp. 103-108, provides new sources and new insights to both supplement 
and correct the discussions in King, “Universal Astrolabe” (1979); and the article “Shakkaziyya” in EI 2 , which 
cites the voluminous publications of the Barcelona school. 

23 On #140 (Gunther, Astrolabes, I, pp. 284-285, no. 140) see now XIVb-5.1. A detailed study has been 
prepared: see Charette & King, Universal Astrolabe of Ibn al-Sarraj (forthcoming) 
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only in the late 1990s: it is from 17 th -century Lahore, but is of the kind known from the treatise 
by c All ibn Khalaf in its Castilian manifestation, though fitted with a rotated half myrtle 
ecliptic. 24 This is not surprising, since it is a copy of a simpler instrument also made by Ibn 
al-Sarraj. 

Suffice it to say at this stage that not a single medieval European universal astrolabe has 
survived. Half-myrtle representations of the ecliptic were known in Europe, namely, on 
universal plates described by Jean de Linieres ( ca. 1325) and Regiomontanus (ca. 1455). 25 We 
cannot doubt that such instruments, even universal astrolabes, were made in medieval times, 
but the earliest examples are from 16 lh -century England and Flanders. 26 

More or less out of the blue, we find John Blagrave of Reading in 1585 proposing a universal 
astrolabe that in its essence closely resembles a simple version proposed by Ibn al-Sarraj, with 
a full myrtle ecliptic, the upper part superposed on the semicircle of universal markings, as 
well as a calendrical scale around the front of the limbus. 27 The universal astrolabe of Charles 
Whitwell (ca. 1597) preserved in Florence is in this style, 28 as is the unsigned piece preserved 
in Chicago. 29 A full myrtle ecliptic is found on a “nautical hemisphere” made by Whitwell ca. 
1597, and on a quadrant made by William Senior in 1600. 30 A half myrtle ecliptic rotating over 
a universal projection features on an astrolabe made by Adrian Zeelst in Louvain ca. 1600. 31 
Recently we have discovered a more complicated instrument by an unidentified Spanish 
instrument-maker working in the Louvain tradition possibly in El Escorial ca. 1560; the source 
of the technical inspiration behind this piece has not yet been established. 32 Suffice it to say, 


24 On #4201 see Christie’s 4.10.1995 Catalogue, pp. 20-21 (lot 61), for the rete, and Christie’s 5.4.2001 
Catalogue, pp. 43-45 (lot 32), for the mater. The two parts are now in the hands of the same dealer in London: 
see now XlVg 

25 See Poulle, “Saphea”, pp. 508-509, respectively. On the saphea see also Zinner, Deutsche und nieder- 
landische astronomische Instrumente, pp. 145-149. 

26 Only around 1450 do instruments appear in Italy and Germany (Vienna) that could be labelled 
“Renaissance” as opposed to “medieval”. 

Also the earliest Renaissance Italian astrolabes present some problems of their own. The earliest one, dated 
Urbino, 1462, has been stolen: see n. 37. The authenticity of the most spectacular Renaissance Italian astrolabe 
(#171), associated with Piervincenzo Danti de’ Rinaldi ca. 1490 (Gunther, Astrolabes , no. 171), which is 
preserved in Hamburg, has been questioned. On this piece, which has the double burden of being partially gilt 
and having passed through the highly dubious Frederic Spitzer collection in the late 19 th century, see the 
diplomatic description by Francis Maddison in Washington 1992 Exhibition Catalogue , pp. 224-225 (no. 123), 
and also Levi-Donati, “Astrolabio perugino”. The situation is not facilitated by the fact that there is a “real” 
late-19 th -century copy of that very astrolabe in Chicago: see Chicago AP Catalogue , pp. 114-116 (no. 28). Also, 
the earliest Renaissance astrolabe from the Vienna school, dedicated by Regiomontanus to his patron Bessarion 
in 1462 (#640), was labelled suspect after it had come up for auction at Christie’s in 1989. It was returned to 
Christie’s and eventually passed to a private collection, after research had established that it is one of several 
fine instruments that had not been previously identified, all of which stem from the same workshop or group 
of workshops: see King & Turner, “Regiomontanus’ Astrolabe”. 

27 Gunther, Astrolabes , II, pp. 492-500 (no. 308). 

28 Turner, Elizabethan Instruments , pp. 187-190 (no. 43). 

29 Gunther, op. cit., II, p. 501 (no. 309) and pi. CXLI, and Turner, op. cit., pp. 86-89. 

30 Ibid., pp. 196-198 (no. 47) and 249-250 (no. 77). 

31 Van Cleempoel, Louvain Astrolabes , pp. 218-221 (no. 74), also colour plates on pp. 264-265. 

32 Moreno et al ., “Spanish Astrolabe”. Both Julio Samso and Francois Charette have registered other 
interpretations of the underlying Toledan materials. 
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the fate and fortunes of the universal astrolabe in Europe have yet to be properly documented. 

With this background in the climates and notions of universality in instrumentation, mixed 
north-south projections and unusual types of astrolabes, as well as myrtle retes on universal 
astrolabes, we now turn to a very remarkable artefact. 

2 The Oxford astrolabe 

2.1 Basic description 

Our astrolabe 33 is a mere 5.9 cm in diameter, and 0.8 cm thick, thus qualifying as the smallest 
surviving European astrolabe. 34 It barely needs saying that any astrolabe of this size has no 
serious practical use. 35 The engraving is carefully executed in a bold hand, which appears to 
be Italian and looks as though it can be dated ca. 1300—see further 2.2 below. Or maybe the 
instrument is a 19 th -century Italian copy—see 2.7. 

The throne is of a simple tri-lobe design—three-quarters of a quatrefoil—such as is found 
on various very early European instruments. 36 The outer scales on the front and back are divided 
and labelled for each 10° and subdivided for each 2°. The rete bears a complete circumferential 
ring and two complete horizontal and vertical diameters, the latter extended outwards at the 
top to serve as a marker on the outer scale. On the ecliptic, whose scale is improperly divided, 
and the four unlabelled star-pointers see 2.3-4. The mater bears unusual astrolabic markings 
for a specific latitude—see 2.5. The markings and alidade on the back are standard, but merit 
comment—see 2.6. The rete and the alidade are riveted in place by an unusual bolt with an 
eight-pointed star on the front; the rete can rotate freely but could not be removed without 
breaking the bolt. Some details are shown in Figs. 8a-c. 

2.2 The engraving 

The engraving, which is bold and heavy, but not inelegant, is of a kind not attested on any 
other astrolabe known to me. It bears some resemblance to that on another, possibly 
contemporaneous Italian astrolabe (#493) preserved in the Museo di Storia della Scienza in 
Florence: see Figs. 7 and XIIIa-10.4a. I have recently studied this other piece in detail, as 
part of an investigation of a series of astrolabes connected with Urbino. 37 


33 On previous publications featuring this piece, see n. 3. 

34 A decorative astrolabe from 17 th -century Isfahan has diameter 4.1 cm! 

35 See Price et al.. Astrolabe Checklist, pp. 69-84, for the sizes of many surviving astrolabes. 

36 King, “The Oldest European Astrolabe”, p. 365, where this piece is mentioned. 

37 The Florence astrolabe, in gilded brass, is of a type that provided the original inspiration for a Renaissance 
astrolabe (#4506), dated Urbino, 1462, which was stolen from a museum in Moulins (Allier, France) in 1977. 
This Renaissance astrolabe was of a type that in turn inspired the astrolabe depicted in the intarsia of the studiolo 
of Archduke Federico of Urbino, completed ca. 1476. The Florence astrolabe shows signs of having been 
influenced by the tradition of the prolific Abu Bakr ibn Yusuf of Marrakesh ca. 1200. For detailed descriptions 
of all of these, see King, “Urbino Astrolabe”, and for illustrations also Figs. XIIIa-10.4a-c. On the star-positions 
see Stautz, Mathematisch-astronomische Darstellungen auf mittelalterlichen Instrumenten, pp. 115-116 and 279- 
280. 
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Fig. 7: The back of the medieval Italian astrolabe in Florence (#493). For the front see Fig. XIIIa-10.4a. [Photo 
by Franca Principe, courtesy of the Museo di Storia della Scienza.] 


The numerals on the Oxford piece are a curious mix (and different from those on the Florence 
piece). For ‘V we find a capital T. The forms for ‘4\ ‘5’, and ‘7’ are old-style “Gothic”, 
whereas the forms for ‘2\ ‘3\ ‘6\ ‘8’ and ‘9’ are more developed and well rounded. 38 

My dating of both the Oxford and the Florence astrolabes to ca. 1300 is based on a feeling 
that they are not 15 th century, nor are they 14 th century. Only a comparison of the engraving 
with that on dated Italian metalwork from these periods, which I have not pursued, or the 
(unlikely) rediscovery of a related instrument that is dated, could confirm or disprove my 
tentative dating. 39 


38 The examples of Hindu-Arabic numerals from Italy recorded in Hill, Arabic Numerals in Europe , pp. 1 OS- 
121, are mainly too late to be of any use here. For a new look at the Hindu-Arabic numerals in medieval Europe, 
see King, Ciphers of the Monks , pp. 309-317. 

39 In 1956 the French expert on historical instruments Marcel Destombes claimed that an astrolabe that he 
had stumbled across was from 10 th -century Catalonia. His detractors maintained that the piece was at the earliest 
of 12 th , 13 th , 14 th , 15 th century provenance, if not a 20 th -century fake. Comparison with several dozen other early 
astrolabes reveals that the piece could only be from the 10 th century, although the names of the signs on the 
rete may be two or three centuries later: see King, “The Oldest European Astrolabe”. Also the unusual engraving 
is attested elsewhere only in 10 th -century Catalonian inscriptions: see Mundo, “Analyse paleographique”. 

There has been a tendency to date medieval European instruments too late. For example: the well-known 
15 th -century French miniature of the monk Henricus Suso with a series of astronomical instruments includes 
an astrolabe that I would have said was 14 th -century French. However, a manuscript copied in Paris in 1276- 
77 contains an illustration of an astrolabe with the same rete-design. See further King, Ciphers of the Monks , 
pp. 42, 393 and 397. 
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2.3 The ecliptic on the rete 

The ecliptic is of the rotated half myrtle variety (see Fig. 3d) with double graduation, so that 
the northern projection of the northern ecliptic and the southern projection of the southern 
ecliptic are represented as a single minor arc of a circle. The corresponding rete and plate 
beneath are restricted to the domain within the celestial equator. 

The two halves of the ecliptic are superposed in such a way that both the northern and the 
southern signs run counter-clockwise from the left-hand side. The arrangement of the two half 
sets of signs is to some extent arbitrary, and has no consequences for operations with the sun. 
For operations with the stars we are confronted by the fact that the stars do not correspond 
to the appropriate signs of the ecliptic scale. One could live and work with this—with some 
stretching of the imagination and an occasional saltus stellae —if the stars were named, but 
they are not. 

The names of the signs are abbreviated as follows (the horizontal line over the final letter 
is a standard medieval way of indicating abbreviations): 

ARIE TAV GE CA LEO VIRG 

LIBRA SCOR SAG CAP AQR PISCE 

Alas, these forms tell us nothing about the provenance. (In recent years, regional forms of 
medieval Latin and dialects of vernaculars on instruments have been exploited to establish 
provenance. 40 ) 

The scale of the rete is divided for each pair of signs into three parts, each subdivided into 
four parts—see Fig. 8a. This is a mistake: each 10° would be more happily divided into five 
sections. The placement of the ecliptic with respect to the outer frame is accurate. However, 
the lower part of the vertical bar is about 1° to the right of where it should be: see Fig. 1. 

2.4 The star-pointers on the rete 

There are four unnamed star-pointers shaped like fleurs-de-lys with long, limpid stems. No 
other medieval astrolabe comes to mind with pointers of this shape. 

There are only four pointers, one in each of the four quadrants. This use of only one star 
in each quadrant is not without parallel: the “Toledo astrolabe”, dating from ca. 1300, is a piece 
prepared by a Jew, partly finished by a Christian, and then finished off by a Muslim Arab: 
the last-mentioned added the Arabic names of some stars, choosing only four, one in each 
quadrant. 41 

The omission of the star-names is not tragic on a standard astrolabe with just a few star- 
pointers: every potential serious user would have known which of 20- or 30-odd “astrolabe 
stars” were intended, 42 and one could not read star-names at night anyway. The earliest 
European astrolabe, from 10 th -century Catalonia, bears no star-names, probably because the 


40 See King, Ciphers of the Monks, p. 365, n. 6, and now n. 83 to XIIIa-10 and the preface to XVIII, where 
various philological studies of inscriptions on astrolabes by Kurt Maier are mentioned. 

41 See King, “Medieval Spanish Astrolabe with Inscriptions in Latin, Hebrew and Arabic”, pp. 36 and 74- 
75, now in XV-2.9 and 3.15. 

42 On the most commonly used stars on astrolabes, see Kunitzsch, Sternnamen in Europa, pp. 59-96. 
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Figs. 8a-c: Various detailed shots of the ecliptic arc and the altitude circles and markings for the seasonal hours 
underneath. [Photos by the author, courtesy of the Museum of the Flistory of Science, Oxford.] 


maker could not write the names. 43 However, the omission of star-names on an instrument of 
this non-standard variety—so that one has to decide for oneself first whether the pointer serves 
a star derived by a northern or southern projection—can only strengthen the impression that 
the maker was barely in control of his task. 

The stars on the Oxford astrolabe have been chosen so that their positions are roughly 
symmetrical with respect to the vertical diameter. The stars in question are so well known as 
medieval astrolabe stars that any medieval astronomer worth his salt could identify them 
immediately, but only by realizing that their positions are for a northern projection, as on a 
standard astrolabe. (When medieval instrument-makers combined star-pointers based on both 
of the northern and southern projections they had to be very careful. 44 ) To include any stars 
without their names was perhaps a little unkind, but there is not much space available for the 
names, so presumably this was deliberate. Already Gunther recognized the stars in question, 45 


namely: 

lower left 

[Aldebaran 

a Tauri] 


lower right 

[Regulus 

a Leonis] 


upper right 

[Alhave 

a Ophiuchi] 


upper left 

[Altair 

a Aquilae] 


43 King, “The Oldest European Astrolabe”, p. 366. 

44 Compare the retes on the spectacular 14 lh -century universal astrolabe of Ibn al-Sarraj of Aleppo (#140— 
refs, in n. 23) and the problematic 14 ,h -century geared astrolabe from Northern France (#198—refs, in n. 19), 
both discussed in Stautz, Mathematisch-astronomische Darstellungen auf mittelalterlichen Instrumenten, pp. 69 
and 213, and 103-104 and 262, respectively. 

45 On these four standard “astrolabe stars” see Kunitzsch, Arabische Sternnamen in Europa, no. 18 on p. 70; 
no. 30 on p. 76; no. 51 on p. 81; and no. 54 on pp. 81-82. 
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Note that Regulus is appropriately shown on the ecliptic at longitude Leo 20°, which does 
correspond to ca. 1300, but not too much should be concluded from this alone. In fact, however, 
the four pointers correspond to the accurate positions of these four stars for a northern 
projection for epoch 1300 to within 1-2 mm on the instrument itself. 46 For a medieval European 
instrument, this may be regarded as something of an achievement. 

2.5 The latitude-dependent markings on the mater 

The main astrolabic markings on the mater represent the altitude circles for each 6° above and 
below the horizon for a latitude that is not specified, but which is, by inspection, 24°: see Fig. 
9a and c. This is most easily demonstrated by the fact that the small circle for the zenith lies 
on the inner circle for the (summer) solstice. The altitude circles are not properly engraved 
for they are not uniformly spaced. Also, there are not 14 circles between the horizon and the 
zenith as there should be for such a “sextile” plate. 

In addition, there are curves for the seasonal hours below the horizon that are appropriately 
drawn as arcs of circles—see Fig. 9a. Above the horizon, the arcs for the first and eleventh 
hours and the rectilinear segments engraved more heavily for the other hours are unlikely to 
be a later addition for the same hand also highlighted the horizon. For the “upper” hours there 
are two sets of markings, the other set lightly engraved as arcs of circles, like the altitude circles, 
and dotted—see Figs. 9b-c. Both sets are restricted to the domain between the equinoctial and 
solstitial circles. It seems that our maker has tried to engrave the markings for the astrological 
doctrine known as “casting the rays”, 47 which were an occasional feature of Islamic astrolabes 
from the 10 th century onwards and European instruments some centuries later. The resulting 
ensalata mista of curves and lines on an instrument of this size was calculated to confuse. 

In places, the markings on the mater appear to be worn down, as if by excessive use—see 
further 2.7 below. 

2.6 The back of the astrolabe 

On the back of the instrument, within the smallest of several circular arcs inside the outer scale, 
the upper half bears a double universal horary quadrant and the lower half a double shadow 
square to base 12, with scales divided and labelled for each 3 digits and subdivided for each 
single digit—see further below on these markings. The alidade is counter-changed and bears 
two sights with a correctly-aligned cylindrical hole in each: it shows every sign of being 
original. One end is slightly longer than the other. The markings on the back have, like the 
mater, a worn look about them: see further 2.7. 


46 See the techniques outlined in Stautz, Mathematisch-astronomische Darstellungen auf mittelalterlichen 
Instrumenten. This piece is not discussed by Stautz. 

47 See, for example, the article “Tasylr” by Otto Schirmer in Ef, and North, Horoscopes and History, pp. 
1-69. On the earliest Islamic astrolabe with markings for the houses—that of al-Khujandl made in Baghdad in 
374 H [= 984/85] (#111)—see King, “Kuwait Astrolabes”, Fig. 10 on p. 84, and p. 87, now in XIIIc-9. The 
oldest European astrolabe with such markings—Italy (?), 13 th (?) century—is probably #558 (see n. 7 above). 
They were particular popular on Renaissance instruments, such as those mentioned in nn. 26 and 37: see King 
& Turner, “Regiomontanus’ Astrolabe”, pp. 171, or King, “Urbino Astrolabe”, p. 115 ( ad #640); and ibid., pp. 
107 and 132 (ad #4506). 



568 


PART XHId 





Fig. 9: (a) A set of standard markings for latitude 24° (see Fig. 5) with curves for the seasonal hours below 
the horizon and additional curves for the astrological houses, (b) Altitude circles above and below the horizon, 
bounded by the celestial equator, to serve a myrtle rete, with additional curves for the hours and for the houses, 
(c) A reconstruction of the marks on the Oxford plate, with the curves for the astrological doctrine of casting 
the rays only in the region between the inner solstitial circle and the bounding celestial equator. [Graphics by 
Dr. Francois Charette.] 


Some remarks on the universal horary quadrant are in order, not least because of the mis¬ 
understanding currently associated with these markings in some circles. The device, invented 
in Baghdad in the 9 th century, serves to find for any latitude the time in seasonal hours from 
the instantaneous altitude of the sun and its meridian altitude (see Xlla). One sets the alidade 
to the meridian solar altitude and makes a mark with ink or wax on the alidade at the point 
where it intersects the semicircle representing the 6 th hour; one then moves the alidade down 
to the instantaneous solar altitude, and the mark indicates the time on the other hour curves. 48 
The result is approximate but the error in Mediterranean and Nilotic climes (such as latitude 
24°!) is minimal and more substantial in Northern Europe. In the Renaissance, some astrono¬ 
mers added a solar scale on the alidade of their astrolabes, which was necessarily latitude 
dependent. In some modem writings, this kind of scale is considered indispensable; 49 in fact, 
a radial solar scale is not only unnecessary but also inappropriate, because it compromises the 
universality of the quadrant. 


48 The only modem work on the astrolabe in which this procedure is correctly described is Garcia Franco, 
Astrolabios en Espana, pp. 218-221, esp. p. 219. 

49 North, “The Astrolabe”, figure on p. 105 (fig. 16 on p. 216 of the reprint); and idem, “Flour-Angle Ritual”. 
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It is perhaps significant that there is no solar scale on the back of the Oxford astrolabe, 
whereas there are on the vast majority of medieval European astrolabes. Such scales were 
uncommon on early Eastern Islamic astrolabes, although they are mentioned by al-Blrunl in 
the early 11 th century, and, for example, one is to be found on the back of the universal astrolabe 
of Ibn al-Sarraj (#140—see 1.4 and Fig. XIVb-5.1). The fact that they appear on the earliest 
surviving Western Islamic astrolabe, 10 th century?), 50 on most Andalus! and Maghribi astrolabes 
from the 11 th century onwards, as well as on the earliest European astrolabe (#3042), has led 
to some speculation concerning their origin. 51 

2.7 Is the Oxford astrolabe a fake? 

Added in proof in February, 2005: The following remarks, written in 2002, should be read in the 
light of the evidence of another instrument from the same workshop discovered in 2005: see 2.9 
below. 

In recent times, there have been some serious cases of misidentification of genuine astrolabes 
as fakes, and of fake astrolabes as genuine. 52 We tread on particularly dangerous ground when 
we dismiss as a fake a given piece that we do not fully understand, not least because it is never 
possible to fully restore a lost reputation. 

Now Gunther records that the Oxford astrolabe was “formerly gilt”, and somehow a rather 
high proportion of gilt instruments do tend to be fake. Also, we know it surfaced in Italy only 
at the end of the 19 th century, so it has no earlier attested provenance. I am nevertheless inclined 
to dismiss outright the possibility that the Oxford astrolabe is, say, a 19 th -century Italian “fake”. 
First, it feels very much like a medieval astrolabe. Second, there were plenty of standard 
medieval astrolabes available in Italy for a 19 th -century faker to copy. Third, one needs to know 
a lot about astrolabes to even begin copying an instrument of this potential complexity, even 
if one does make a mess of it. And fourth, if an instrument is a 19 th -century copy of a genuine 
medieval instrument, this is usually immediately apparent. But not always ... . 

One thinks of the astrolabe (#4507), inevitably in gilt brass, in the Museo Bargello in 
Florence, which could be 15 th -century or 19 th -century Italian. 53 Whatever it may be, the rete 
on the Bargello astrolabe was originally inspired, not necessarily directly, by the kind of rete 
found on an 1 l th -century Andalus! astrolabe now preserved in Berlin (#116), 54 and its historical 
importance lies mainly in that fact. But one thinks also of the earliest European astrolabe from 
10 th -century Catalonia (#3042). One reason I proposed for its not being a fake was that: “any 
faker who made this astrolabe knew more about the history of the astrolabe and about Latin 


50 Inadvertently listed twice in Gunther, Astrolabes, I, p. 244 (no. 110: “Early Arabian astrolabe—Undated”), 
and Fig. 117 (front), and p. 280 (no. 135: “Spanish astrolabe—XIII ,h -XIV ,h Cent.”). See also Figs. XIIIa-1.2- 
3. 

51 King, “The Oldest European Astrolabe”, pp. 376 and 384. 

52 See n. 26. 

53 See Mara Miniati in Florence MNB 1991 Catalogue, pp. 48-54 (no. 22), with a full set of illustrations of 
the Bargello piece. 

54 Compare the two retes illustrated in King, “The Oldest European Astrolabe”, figs. 6 and 19, and now Figs. 
X-4.1.3-4, On the star-positions on the AndalusI and Italian retes see Stautz, Mathematisch-astronomische 
Darstellungen auf mittelalterlichen Instrumenten, pp. 57 and 191, and 86-87 and 247. 
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epigraphy than all of the scholars who have ever looked at this piece ... put together.” 55 The 
same holds for the Oxford astrolabe. 

A different situation holds for the Florence astrolabe fondly called “the astrolabe of Pope 
Sylvester II” (#101). 56 Here we are dealing with a genuine Islamic astrolabe from 10 th -century 
al-Traq, to which someone has added a medieval-looking solar scale on the back inscribed in 
Latin. The markings on the back are faked, probably 19 th century Italian. 

Now, metal analysis might eventually establish that the Oxford piece is indeed a 19 th -century 
production, deliberately made to look as though it had been extensively used. In this case, the 
maker surely copied it from a genuine medieval instrument, possibly one with a complete set 
of plates for the climates. That genuine instrument would have been copied from an Islamic 
astrolabe, most probably one with such a complete set of plates. 

It makes more sense that a 19 th -century faker would provide an instrument too small to use 
properly with a “useless” set of markings for latitude 24° rather than a 13 th - or 14 th -century 
astrolabist. Certainly, a 19 th -century faker could not have copied this piece from an instrument 
with inscriptions in Arabic. Another impediment to the evaluation of this instrument is that, 
unlike the vast majority of medieval instruments, it gives the impression of having been used. 
Substantial parts of the altitude markings on the mater and the surface of the back are worn 
away, apparently by excessive “use”. Given the fact that the front of this pretty little instrument 
is quite useless for any sensible purpose in Italy, it seems highly unlikely that anybody other 
than a faker would have made it look used. 

In any case, if the instrument is a “fake”, it has the unusual characteristic of now being of 
greater historical value than any “real” instrument from which it was copied, for that is 
apparently lost for all time. Under no circumstances does it decrease in historical value if it 
is a 19 th -century copy of a medieval instrument, and I suggest that we keep on regarding it 
as “medieval”, whether it is or not. 

2.8 Concluding remarks (2003) 

The Oxford astrolabe is remarkable as the sole surviving medieval European instrument with 
a half myrtle ecliptic with double graduation. Furthermore, it is one of only two medieval 
European astrolabes featuring the equivalent of altitude circles below the horizon, although this 
may not be historically significant. 57 (This, as is well known, is a feature of some of the earliest 
astronomical clocks in medieval Europe.) The piece also has the kind of rete usually associated 
with universal astrolabes, but the “universality” in this case, as with some of the earliest 


55 King, “The Oldest European Astrolabe”, p. 362. 

56 Gunther, Astrolabes, I, pp. 230-231 (no. 101) and pi. Lllb; also Garda Franco, Astrolabios en Espaha, 
pp. 131-152 (no. 3); King, “Medieval Instruments and their Secrets”, p. 35; and idem, “Astronomical Instruments 
between East and West”, p. 171. The instrument has been featured in several exhibitions, although already 
Gunther recognized the dubious character of the markings on the back. See now XIIIb-6. 

57 See the text to n. 20. On the 14th-century French geared astrolabe (n. 19), the altitude circles are above 
the horizon for a southern projection, and hence correspond to those below the horizon for a standard northern 
projection. On an 11th-century Andalusl astrolabe, we find altitude circles for latitude 16V 2 ° south, this being 
the lower limit for Ptolemy’s world-maps: see King, “Geography of Astrolabes”, pp. 19 and 53, now in XVI- 
II, also Fig. 11.1. 
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European astrolabes, 58 was originally achieved by a series of plates for each climate. 

Our astrolabe is degenerate in the sense that, from a practical point of view, it is quite useless 
in European latitudes. Whether it is a genuine piece from ca. 1300, or a copy of such a piece 
from the 19 th century, the question arises: why would any European make such an instrument 
ca. 1300? The answer appears to be that he was a fairly competent craftsman who had, however, 
only a very vague idea about non-standard astrolabes. He was clearly copying, reproducing, 
imitating—call it what you will—another instrument, and the only sensible explanation would 
appear to be that he was copying an instrument which had plates for each of the seven climates 
of Antiquity: from this he copied only the plate for the second climate. 

It is tempting to suppose that our maker was copying an Eastern Islamic instrument with 
inscriptions in Arabic. This would explain why the star-pointers are not named, the latitude 
is not specified, and there is no solar scale on the back. There is no known Islamic precedent 
for precisely such an instrument, but there is evidence of both components. Indeed, it is not 
unreasonable to hypothesize that some Muslim skilled in astrolabe design had proposed a 
double half myrtle rete in the “new” Islamic tradition of the 9 th and early 10 th century, together 
with a set of plates for each of the climates in the “old” tradition of Antiquity. This latter 
tradition is also attested on the earliest Islamic astrolabe from the 8 th century (XIIIb-2.5 and 
3.11), as well as on a badly corroded Abbasid astrolabe (XIIIb-4) and a solitary Abbasid plate 
that ended up inside the astrolabe of the Yemeni Sultan al-Ashraf (XIIIc-12.2 and XIVa-2), 
but not on surviving astrolabes from late-9 th - and 10 th -century Baghdad (XIIIc-1-9). Thus it 
is further reasonable to suspect an early, say, early- 10 th -century, origin for this hypothetical 
combination. 59 The resulting instrument would be universal in the same sense as the standard 
astrolabe with a set of plates for the climates is universal (see 1 . 2 ): it is not a “universal 
astrolabe” in the traditional sense, working for any latitude. The star-pointers would surely have 
been carefully labelled in order to show whether they corresponded to a northern or southern 
projection. Furthermore, the back of such a hypothetical Eastern Islamic astrolabe would 
probably not have had a solar scale. On the other hand, it is unlikely that a serious early Islamic 
astrolabe would have been made as small as the Oxford astrolabe (see XIIIa-3.2). 

The milieu of the original transmission to the maker of the Oxford astrolabe may well have 
been Sicily, although some Islamic scientific materials appear to have come to Italy directly 
from Egypt. 60 An alternative proposal, namely, that any European had first hit upon this idea 
and was able to execute it properly, is, in the light of our present limited knowledge of the 
history of the astrolabe, particularly in medieval Italy, unlikely. 

In brief, this little instrument presents us with a series of problems that we are—at this time— 
unable to solve. And it gently reminds us how little we know about the fates and fortunes of 
even the standard astrolabe in medieval Italy. 


58 King, “Geography of Astrolabes”, pp. 27-28, now in XVI-Ad; and idem, Ciphers of the Monks, pp. 411- 
415. 

59 King, “Geography of Astrolabes”, pp. 7-8, now in XVI-2. 

60 We are reminded of the planetarium described in various medieval Italian manuscripts in Latin that John 
North has associated with Egypt. See North, “Opus quarundam rotarum mirabilium”, esp. p. 364 (p. 162 of 
the reprint). 
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2.9 Concluding remarks (2005) 

Whilst excavating papers in my office at Frankfurt University during February, 2005, just taking 
a break from proof-reading, I came across a very, very bad photocopy of the back of what I 
thought at first sight was this little astrolabe. It turned out to be a blown-up photocopy from ca. 
1980 of the astrolabe depicted in the exquisite painting St. Jerome in his study associated with Jan 
van Eyck (ca. 1390-1441), apparently finished by Petrus Christus after van Eyck’s death. This 
painting, which is now in The Detroit Institute of Arts, depicts the saint with a friendly lion at his 
feet, together with a bookcase supporting various symbolic objects, one of which being the 
astrolabe, alas very dark: see Figs. 10a-b. 61 The painting measures but 20 x 12 cms. The astrolabe 



Figs. 10a-b: Jan van Eyck’s St. Jerome in his study, and an enlarged detail of the astrolabe, alas of poor quality. 
[Reproduced in haste from a 1980 photocopy of Hall, “More about the Detroit van Eyck”, figs. 1 and 2.] 


61 The art historian Edwin Hall published a paper dealing with this astrolabe in 1971, listed as “More about 
the Detroit van Eyck”. Hall certainly did some homework on astrolabes, but only in an armchair fashion, using 
Gunther’s second volume, which contains particularly detailed descriptions on instruments at the Museum of 
the History of Science at Oxford. Hall mentioned several pieces, all of them, as it happens, irrelevant to his 
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on the painting has a diameter just less than 2 cm (!), but one can still see the numbers on the 
main divisions of its scales (!!) and even the subdivisions (!!!). 

The astrolabe in the painting was copied from a twin of our little Italian astrolabe. I shall refer 
to the former as the “Detroit astrolabe”. The latter differs from the actual astrolabe from which it 
was copied only in size: although the astrolabe is shown almost as large as the saint’s head, I shall 
show that the model was probably less than 6 cms in diameter. Then the throne and the makeup 
of the back, with a double universal horary quadrant and a double shadow square, are very similar 
though not identical. The alidade is of the same kind and shape. Lastly, and most significant, the 
distinctive numerals on the outer scale are very similar to those on the Oxford astrolabe (remember 
we are dealing with a painting of an original astrolabe). But there are several important differences, 
namely: 

❖ the Detroit astrolabe has a vertical diameter, not found on the Oxford piece; 

❖ the horary markings and shadow scales are not shown within an empty annulus, as on the 
Oxford piece; 

❖ the horary markings on the former are not drawn properly (but let’s be reasonable!); actually 
they resemble horary markings for a fixed latitude, but these they are not, for there is no 
solar scale; 

❖ the shadow scale on the former is labelled for each 4 digits (4-8-12, only on the left 
vertical), whereas the Oxford scales are labelled for each 3 digits; 

❖ the scales on the former are labelled for each 15°, whereas those on the latter are labelled 
for each 10°; 

❖ the Detroit numerals on the right-hand side are inverted with respect to those on the left- 
hand side, which are as the numerals on the Oxford piece. 

The fact that the numerals on the right-hand side of the painting are upside down may mean that 
they were like this on the original. The artist would have been crazy to paint numbers upside 
down unnecessarily. 

The Oxford astrolabe has markings for each 10° because it is so small; the implication is that 
the model for the Detroit astrolabe was even smaller. The subdivisions on the Oxford astrolabe 
are for each 2°; one could anticipate that those on the piece that served the artist for the Detroit 
image would have been for each 3°, although he has made a bold attempt to display about 7 
subdivisions in some 15°-intervals. This was basically not a good idea, but it probably reflects 
what the artist actually saw on the astrolabe: in other words, the 15“-intervals on his model were 
indeed divided into rough 2°-intervals. In addition, in the upper left quadrant there seem to be 
seven divisions rather than the six that one would expect, the middle one fully obscured by the 
pointer on the alidade. The alidade is roughly at the midway position between vertical and 
horizontal. 


subject. Alas, Gunther did not illustrate the back of his “Sicilian” astrolabe #169, and Hall got carried away 
with #168, a Franco-Italian piece that happens to have a solar / calendrical scale on the back. With considerable 
enthusiasm, Hall claimed that the setting of the Detroit alidade to about 40° above the left-hand half of the 
horizontal axis (he mistakenly thought that the other end of the alidade was broken) signified a date early in 
August (on a calendrical scale that was not there), which in turn corresponded nicely with the date of the Arras 
Congress on August 5 th , 1435. 
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There are various theories about the provenance of this painting, all of which I refrain from 
mentioning, save that it has been suggested that we have here a portrait of Cardinal Niccolo 
Albergati who visited Bruges in 1431 and participated in the Congress of Arras in 1435 (although 
portraits of him by van Eyck are different). All that I can add to the discussion is that the astrolabe 
in this Flemish painting is Italian in provenance and that it possibly came from the same medieval 
Italian workshop as our Oxford astrolabe. 

The presence of the Detroit image confirms the authenticity of a hypothetical medieval astrolabe 
from which the Oxford astrolabe was copied, perhaps already in the Middle Ages. The principal 
common features of the two pieces are: 

❖ the size (the Oxford piece is the smallest surviving European astrolabe, and the model for 
the Detroit picture may have been even smaller); 

❖ the simple tri-lobed throne (typical of the earliest European instruments); 

❖ the outer scales divided into 10° or 15° (all known medieval instruments have divisions 
for 5°); 

❖ a double universal horary quadrant above the horizontal axis; and 

❖ a double shadow square to base 12 with divisions for each 3 or 4 digits; 

❖ no solar / calendrical scale (very unusual on medieval European astrolabes); 

❖ a distinctive set of numerals 1-9, with 1 shaped like “I”, Gothic 4, 5, and 7, and round 0 
and 8. 

Maybe the artist did not feature the front of the astrolabe because it looked a bit funny. If the 
original that he copied ever shows up in an antique store in Bruges or Arras or back in Italy, I 
would expect to find on it: 

❖ a set of plates for the climates, and 

❖ a double myrtle ecliptic on the rete (which does indeed look a bit weird). 

One last thought: Perhaps the Cardinal travelled with such an astrolabe, in which case, one can 
hope that it was fitted with a plate for the 5 th climate, which would serve Rome, and one for the 7 th 
climate which could be used in Flanders. 62 If it had only a plate for the 2 nd climate, he could as 
well have given it to van Eyck. 


62 For Jerusalem, where he actually worked (as prior of the Church of the Santa Croce), he would theoretically 
have had to use the mean of the results obtained with plates for the 3 rd and 4 th climates. In practice, with such 
a small instrument, the results would be to all intents and purposes the same anyway. In actual practice, one 
would do better to look for a more appropriate instrument. 
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texts were typed afresh, this time into a computer, by Petra Schmidl and Monica Herrera, and 
then edited by Petra Schmidl and myself. The reader should bear in mind that we had no copies 
of the original manuscripts available to us during this operation. 

In this version, I have not updated the bio-bibliographical references, except where this was 
essential, as in the case of the Cairo ENL Survey and EI 2 . The reader should keep in mind 
that some of the original references may now be 20 years out of date. And, of course, as we 
know now, thanks to the researches of Professor Paul Kunitzsch of Munich, Messahalla does 
not deserve to be in first place (see his “On the Authenticity of the Treatise on the Composition 
and Use of the Astrolabe Ascribed to Messahalla”, AIHS 31 (1981), pp. 42-62, repr. in idem, 
Studies, X). The reader is also recommended to two other studies by Paul Kunitzsch which 
appeared about the same time as my own, and which are quite independent of it, treating 
different terminology associated with the astrolabe. These are “Observations on the Arabic 
Reception of the Astrolabe”, AIHS 31 (1981), pp. 243-252, and “Remarks regarding the 
Terminology of the Astrolabe”, ZGAIW 1 (1984), pp. 55-60, both repr. in idem, Studies, VII- 
VIII. For the strong of heart there is also his “Glossar der arabischen Fachausdriicke in der 
mittelalterlichen europaischen Astrolabliteratur”, Nachrichten der Akademie der Wissen- 
schaften in Gottingen, I. Philologisch-Historische Klasse, Jahrgang 1982, Nr. 11, pp. 455-571 
(separatum paginated 1-117), in which, as we shall see, he addressed some of the Latin sources 
on the origin of the term astrolabium, based on Arabic originals. 
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0 Introductory remarks 

“The fables of (the) invention (of the astrolabe) by Abraham, Solomon, Enoch, or by a certain 
person named Lab, are unworthy of notice.” William H. Morley, The Astrolabe of Shah Husayn 
(1856), p. 5. 

The medieval Arabic word asturlab or, more correctly, asturlab , for astrolabe was derived from 
the Greek aaxpo^apoa (or aGTpo?taPov opyavov), name of several instruments serving 
various purposes, including the demonstration and graphical solution of many problems of 
spherical astronomy. 1 As Otto Neugebauer showed in a section on the early history of the 
astrolabe in his monumental History of Ancient Mathematical Astronomy , the underlying theory 
of stereographic projection was known in the time of Hipparchus ( ca . 150 B.C.E.), and the 
astrolabe as it was known in medieval times was probably first described by Theon of 
Alexandria {ca. 375 C.E.). 2 

The purpose of this study is to draw attention to a series of statements in the medieval Islamic 
sources about the etymology of the Arabic word asturlab or asturlab and about the invention 
of the instrument. These statements are here discussed in chronological order, as far as possible. 
The original Arabic and Persian texts are presented in the Appendix. A few of these statements 
have been discussed previously by Eilhard Wiedemann (1909), 3 Franz Rosenthal (1950), 4 
Schlomo Pines (1964), 5 Su c ad Mahir (1968), 6 E. S. Kennedy (1976), 7 Fuat Sezgin (1978), 8 and 
Paul Kunitzsch (1981). 9 Also, Solomon Gandz (1927) has made a very useful survey of the 
references to the astrolabe in medieval Jewish literature. 10 

In some Arabic texts from al-Andalus, such as the lost original of the Latin Messahalla (1), 
and an anonymous one (by Ibn al-Zarqalluh) (9), we find the statement that asturlab means 
akhdh al-kawakib , literally “taking the stars”. This corresponds to an interpretation of the 
Greek, assuming that the second element 'kafiov comes from the verb taxqPaveiv, “to take”, 


1 In general, asturlab is preferred in early treatises, even in late copies thereof, and asturlab is standard in 
late treatises. On the Greek name for the astrolabe, see also Segonds, Philipon sur Tastrolabe, pp. 18-25. 

2 See Neugebauer, HAMA , II, pp. 868-879, and also idem, “The Early History of the Astrolabe”. 

3 Wiedemann records the etymologies of al-Blmnl (7), Abu 'Abdallah al-Khwarizml ( Mafatihal- C ulum ) (3), 
and Hajjl Khalifa (27): see his Aufsatze , I, p. 551, and II, p. 459. 

4 Rosenthal, “Al-Asturlabi and as-Samaw 3 al on Scientific Progress”, p. 555, mentioned the derivation of 
asturlab from astur and Lab suggested by Abu 'Abdallah al-Khwarizml (3) and Ibn Khallikan (12). 

5 Pines discussed the etymologies of Abu 'Abdallah al-Khwarizml (3) and al-Blmnl (7): see his “al-Blrunl 
on the Terms Astronomy and Astrology ”, pp. 346-347. 

6 Maher cited and reproduced the text of the derivations in the marginalia by Ishaq al-Zarkanl (29) to the 
anonymous treatise in 15 fash , and in the fifth maqala of the treatise by Munajjimak (28): see her The Navy 
in Islamic Egypt (in Arabic), pp. 255-256 and 386-387. 

7 E. S. Kennedy discussed the statements of al-Blrunl (7) in his Shadows : see al-Blrunl, On Shadows , text, 
p. 69, trans., p. Ill, comm., p. 53. 

8 F. Sezgin in his monumental bio-bibliographical survey of early Islamic literature (GAS, VI, p. 78) discussed 
the attribution of the astrolabe to Hipparchus in the treatise al-Miqyas al-murajjah (8), which is falsely attributed 
to al-Blrunl. 

9 Kunitzsch, “Fachausdriicke der Astrolabliteratur”, pp. 470-471. See further 4* and the concluding remarks 
below. 

10 Gandz, “The Astrolabe in Jewish Literature”, contains references to the etymologies of Messahalla (1), 
Hajjl Khalifa (27), and Lane (see n. 84). The supposed reference to an etymology by 'All ibn 'Isa (p. 475) in 
fact relates to Abu 'Abdallah al-Khwarizml. 
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with past stem ?ia(3. In Persian the phrase akhdh al-kawakib can be conveniently rendered sitara 
yab, the Indo-Iranian sitara meaning “star” and yab being from the verb yaftan, meaning “to 
find” or “to take”. Hamza al-Isfahanl (6) states that asturlab is an Arabicization of this Persian 
phrase. Thus the Andalusl authors were quoting as yet unidentified Eastern Islamic sources. 

Kushyar (5) explains asturlab as meaning mlzan al-shams, “balance of the sun”. This is 
curious not least because mlzan al-shams is attested in early scientific Arabic as referring to 
a special variety of sundial. 11 The Persian equivalent tarazu-ye afnab is mentioned by 
Muhammad ibn Ayyub Tabari (10a). Abu 'Abdallah al-Khwarizml (3) and al-Blrunl (7) explain 
asturlab as meaning mir c at al-shams, “mirror of the sun”, asserting that X,a(3ov means “mirror”, 
which is not the case. Nevertheless, the reference to the notion of a mirror is interesting not 
least because of the resemblance between the basic shapes of an astrolabe and a hand-mirror. 
In this connection I have not found any medieval Arabic explanations of the term kursl (whence 
English “throne”) for the part of the astrolabe that projects outward from the main body of 
the instrument to bear the ring and cord by which the astrolabe can be held or suspended. The 
kursl of the astrolabe perhaps derives from the handle of a hand-mirror, an idea suggested to 
me by Prof. Derek de Solla Price in the 1970s. 

The popular medieval Islamic attribution of the invention of the astrolabe to an individual 
named Lab, a son of Idris (= Enoch), is pure fiction. This attribution occurs in the writings 
of Abu Nasr al-Qumml (2), and is criticized already by his late contemporary Abu 'Abdallah 
al-Khwarizm! (3). It also occurs in the Latin translation of the commentary by 'All ibn Ridwan 
of the Tetrabiblos of Ptolemy (4* ) (I have not been able to check the original). There are other 
stories about Idris in Islamic folklore, which credit him with the invention of geomancy, the 
art of writing, and the craft of making garments. 12 The association with Lab was popular because 
it provided a purely Arabic etymology of the name asturlab. The first element astur is the plural 
of satr, “line”, and the juxtaposition of two nouns indicates possession of the first by the second. 
Thus asturlab means “lines of Lab'". In the later Arabic sources on asturlab, Lab becomes a 
son of Hermes. 13 Similarly fanciful explanations occur in medieval Jewish writings. 14 William 
H. Morley, in the introduction to his splendid description of the astrolabe of the Safavid Shah 
Husayn preserved in the British Museum (1865), wrote disparagingly about these etymologies: 
see the quote at the beginning of this study. 

An anecdote recorded by Ibn Khallikan (12) about the invention of the astrolabe by Ptolemy 
is also fiction. Ptolemy is said to have been riding on some animal, carrying a celestial sphere 
in his hand; he dropped the sphere, the beast trod on it and squashed it, and the result was 
the astrolabe. The anecdote, which I find as charming as the story of Newton and the apple, 
is not new to the modem literature, because it occurs in the published text and translation of 


11 Cf. Dozy, Supplement aux dictionnaires arabes, II, p.809, where no specific medieval context is mentioned. 
See, however, E. S. Kennedy’s translation and commentary of a passage on an instrument for reckoning time 
of day called mlzan which is described by al-Blrunl in his book on shadows (al-Blrunl, Shadows, I, pp. 153- 
156, and II, pp. 82-83), and also the remarks in King, “Ibn Yunus and the Pendulum”, pp. 49-50, and IV-7.5. 

12 See the El, article “Idris” by Georges Vajda. 

13 See the EI 2 article “Hirmis” by Martin Plessner. 

14 See Gandz, “The Astrolabe in Jewish Literature”, pp. 480-482, on the astrolabe in Jewish Bible exegesis 
and in the Talmud and Halakhah. 
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Ibn Khallikan’s biographical dictionary, but it has hitherto been overlooked by historians of 
science. I have no information on the origin of this anecdote. 

Of greater historical interest is the statement attributed to Thabit ibn Qurra (see 4, 7 and 
8 ) that the astrolabe was invented by Hipparchus. This is the first instance in the Arabic sources 
of a reference to Hipparchus in this connection. I have attempted to trace Thabit’s source for 
this information to a Greek treatise on the astrolabe that has hitherto been overlooked in 
discussions of the early history of the astrolabe. But the statement about Hipparchus attributed 
to Thabit also includes a reference to Lab, which would hardly occur in a Greek source. A 
single Persian text (34) associates the invention of the astrolabe with Aristotle, which is again 
fiction. 

I make no claim to have exhausted the available Arabic sources on the origin of the astrolabe 
and the etymology of its name. 15 1 have not ventured further than the standard lexicographical 
sources, although since asturlab is not an Arabic word it is not listed in the most famous 
medieval Arabic dictionaries such as the Lis an al-Arab and the Taj al- c arus, However, I have 
checked all of the medieval Islamic treatises on the astrolabe currently available to me. Most 
medieval Muslim writers do not broach the subject of the origin of asturlab. The following 
are the exceptions. 

Index of names: 

I present here a list of the ancient and medieval authorities cited in the main part of this study. 
I have numbered those for whom direct quotes are available. The corresponding Arabic and 
Persian texts presented in the Appendix are similarly numbered. 


Ab 

31 

Hermes 

24, 28 

Idris (Enoch) 

2, 16, 24, 31, 34 

Lab 

2, 3, 8, 10, 15, 16, 19, 23, 24, 28, 34, conclusion 

Istar (Greek king) 

conclusion 

Iskandar (Alexander) 

34 

Aristotle 

34 

Hipparchus 

4, 8 

Ptolemy 

4, 8, 9, 12, 14, 25, 27, 30, 31, 33 

Abywn (Antov) 

4, 7, 8 

al-Fazarl 

4, 27 

Messahalla = Pseudo-Masha’allah = Maslama al-Majrltl also conclusion 

Thabit ibn Qurra 

<1 

OO 

Abu Nasr al-Qumml 

also 10, 24, 28 


15 The only list of medieval Islamic works on the astrolabe is Awad (< ‘Awwad), “Astrolabe Texts” (in 
Arabic), but it is severely incomplete and needs to be supplemented with various additional works found in the 
standard bio-bibliographical works on Islamic science by Suter, Brockelmann, Krause, Renaud, Storey, Sezgin, 
King (Cairo ENL Survey), Matvievskaya & Rosenfeld, ihsanoglu et al., and Rosenfeld & ihsanoglu. Kunitzsch, 
“Fachausdriicke der Astrolabliteratur”, based on some three dozen texts in Greek, Syriac, Arabic, and Latin, 
deals mainly with the Arabic technical terminology of the component parts of the astrolabe. 
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3 Abu 'Abdallah al-Khwarizml 

4 Ibn al-Nadlm 

4* 'All ibn Ridwan 

5 Kushyar ibn Labban 

6 Hamza al-Isfahanl 
Abu ’ 1-Salt 

Ibn al-Samh 

7 al-Blrunl 

8 Anonymous ( al-Miqyds al-murajjah) 

9 Ibn al-Zarqalluh 
Ibn al-Saffar 
Maslama al-Majrltl 

10 al-Harlrl and commentators 
al-MutarrizI 

10* Muhammad ibn Ayyub Tabari 
Hibatallah al-Asturlabl 

11 Abu Nasr Ahmad ibn Zarlr (?) 

Sharaf al-Dln al-Tusl 

Kamal al-Dln ibn Yunus 
al-Jaghmlnl 
Naslr al-Dln al-Tusl 
Ibn al-Qiftl 

12 Ibn Khallikan 

13 Anonymous (Maghribi or Andalusi) 

14 Musa ibn Ibrahim 

15 Ibn Jama'a 

16 Abu 'All al-Farisl 

17 al-Nuwayrl 

18 al-Mizzl 

19 Anonymous (Tuhfat al-tullab ) 

20 Sharaf al-Dln al-Khallll 

21 Anonymous (spherical astrolabe treatise) 
Geoffrey Chaucer 

22 al-Damlrl 

23 al-Flruzabadl 

24 al-Birjandl 

25 Jalal al-Dln al-Suyutl 
Johannes Stoffler 

26 al-Khafajl 

27 Hajjl Khalifa 

28 Munajjimak 


also 27 
also 1, 4, 7 
also conclusion 
also 10, 11, 24, 25, 27 
also 7, 10, 24 
addendum 
addendum 
also 4, 5, 6, 10, 24, 27 

also 1 
1 

1, 33 

also 2, 5, 6, 7, 24, 32 
10 

also 32 
11, 12 

12 

12 

10 

24 

4 

also 31 


also 26 
also 19, addendum 
also 18, addendum 


1 

also 10 
also 10, 28, 29 

conclusion 
also 17 

also 24 
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29 

Ishaq al-Zarkanl 

also 24 

30 

c Abd al-Rahman al-Fasl 

also 31 

31 

Muhammad al-Bannanl 

also 12, 22, 30 

32 

Jean Chardin 


33 

Ahmad Basha Mukhtar 


34 

Ibrahim Faruql 



1 Messahalla = Pseudo-Masha’allah = Maslama al-Majrlti 

In the first version of this study I, like many others before me, fell into the trap of supposing 
that the Latin treatises on the construction of the astrolabe attributed to “Messahalla”, were 
originally due to the late 8 th /early 9 th -century Baghdad astrologer Masha’allah. 16 In a note added 
in proof, I was able to point out that Paul Kunitzsch had recently shown that the Messahalla 
treatises appear to be based on Western Islamic compilations based on a treatise by Maslama 
al-Majrlti or some of his disciples such as Ibn al-Saffar. 17 In the Latin texts there seems to 
be much confusion between Mezleme, etc., for Maslama and Messahalla, etc., for Masha’allah. 
In any case, in this version, I have not moved Messahalla from first place. 

The Latin treatise 18 begins: astrolabium nomen grecum est cuius interpretatio est acceptio 
stellarum ... , that is “astrolabe is a Greek word whose meaning is “taking the stars”. This last 
expression corresponds to Arabic akhdh al-kawakib, which is also mentioned by Ibn al- 
Zarqalluh (9). The Latin treatise on the use of the astrolabe attributed to Messahalla has a 
different incipit. 19 Likewise, no etymology is offered by Geoffrey Chaucer in his treatise on 
the use of astrolabe, which is closely related to that of Messahalla. 20 

The Latin phrase acceptio stellarum and the equivalent akhdh al-kawkib used by Ibn al- 
Zarqalluh (9) derive from an Eastern Islamic tradition because Hamza al-Isfahanl (6), who was 
earlier, mentions the equivalent Persian phrase, albeit as the original. 

2 Abu Nasr al-Qumml 

Abu Nasr al-Hasan ibn c All al-Qumml was an astronomer of the late 10 th century. 21 His major 
work was an extensive treatise entitled al-Mudkhal ila dim ahkam al-nujum, dealing mainly 


16 On Masha’allah see David Pingree’s article in DSB, and Sezgin, GAS, VI, pp. 127-129, and VII, pp. 102- 
108. His treatise dealing with both the construction and use of the astrolabe, apparently lost, is mentioned in 
Ibn al-Nadlm, al-Fihrist, ed. Fliigel, p. 273. 

17 Kunitzsch, “Messahalla on the Astrolabe”. See also idem, “Fachausdriicke der Astrolabliteratur”, pp. 470- 
471. 

18 Cf. Steinschneider, Die arabische Literatur der Juden, p. 18, cited in Gandz, “The Astrolabe in Jewish 
Literature”, pp. 475-476. See also Carmody, The Astronomical Works ofThabit ibn Qurra, pp. 23-25, and Skeat, 
Chaucer on the Astrolabe, p. xxv. 

19 Skeat, op. cit., p. 88. 

20 Ibid., pp. 1-14. 

21 On al-Qumml see Sezgin, GAS, VII, pp. 174-175, and the works there cited. I have used MSS Cairo TaTat 
miqat 222,2, (fols. 60r-177r, copied 619 H) and Istanbul Fatih 3427,1 (fols. lv-113v, 708 H) of his treatise, 
in which the texts of the passage are rather different. In a third copy consulted, MS Cairo Mustafa Fadil miqat 



588 


PART XHIe 


with astrology but also containing sections on theoretical astronomy. In the second fasl of the 
third maqala, al-Qumml wrote about the astrolabe and presented an etymology of asturlab, 
which was quoted by several later writers (see 10). No doubt the fact that al-Qumml was an 
astronomer gave authority to his derivation of asturlab, which was that the instrument was 
invented by Lab, a son of Idris, and that when his father asked who had drawn lines on it (j man 
satarahuL), he was told that Lab had done this ( hadha asturu Lab or satarahu Lab), whence 
the name asturlab. There is no lexical evidence for the IV th form ( astara ) of the root s-t-r, 
which occurs in one version of the text consulted. 

In one of the copies of al-Qummfs treatise that I have used there is the additional fiction 
that astur is Greek for mizan (= balance) and lab for the sun, whence asturlab, meaning mizan 
al-shams (= balance of the sun). This etymology also occurs in later sources (see 10 and 22). 

3 Abu ‘Abdallah al-Khwarizmi 

Various etymologies of asturlab are given by the 10 th -century encyclopaedist Abu ‘Abdallah 
al-Khwarizmi (not to be confused with the 9 th -century astronomer) in his Mafatlh al- c ulum. 22 
He first states that the word means miqyas al-nujum, “instrument for measuring the stars”, and 
derives the Greek asturlabon from as tar = najm = star and labon = mir'd = mirror, drawing 
a parallel with the Greek word astronomia for astronomy. He then speaks contemptuously of 
those who claim that Lab is the name of a man and that astur is the plural of satr = khatt 
line, stressing that the word is Greek and that its derivation from an Arabic root indicates 
stupidity and folly. 

4 Ibn al-Nadlm 

The 10 th -century bibliographer Ibn al-Nadlm, states in his celebrated work known as the 
Fihrist , 23 that Ptolemy was the first to make Camala) the astrolabe, adding that it is said that 
it may have been made before him but this cannot be known with certainty. 24 He goes on to 
say that the first person to make an astrolabe plane (sattaha) was Abywn the Patriarch, whom 
he lists elsewhere as the author of a treatise on the planisphaeric astrolabe and states that he 
lived “a little before (the advent of) Islam or a little after.” 25 Elsewhere he says that the mid- 
8 th -century Baghdad astronomer al-Fazari was the first person in Islam to make Camala ) an 
astrolabe. Ibn al-Nadlm also notes that astrolabes where made in the city of Harran and that 


208 (91 fols, ca. 1150 H), this section has been left out: in the introduction to the 3 rd maqala (fol. 34v), it is 
stated that the section has been omitted because it was dispensable (turika li-’l-istighna ‘anhu ). 

22 1 have used the Cairo edition of his treatise (listed as ‘Abdallah al-Khwarizml, Mafatih al- r ulum), based 
on the 1895 edition of Gerlof van Vloten. On the author see the DSB article “al-Khuwarizml” by Juan Vemet. 

23 On Ibn al-Nadlm see the EI 2 article by Johannes Fuck. 

24 Ibn al-Nadlm, al-Fihrist, ed. Fliigel, p. 284. 

25 Ibid., pp. 270 and 284. 



ON THE ORIGIN OF THE ASTROLABE ACCORDING TO THE MEDIEVAL ISLAMIC SOURCES 


589 


they spread from there throughout the Abbasid Empire in the time of the Caliph al-Ma’mun, 
that is, in the early 9 th century. 26 

The identity of Abywn al-Batrlq is by no means certain, 27 although it seems probable that 
he was a Coptic patriarch, since the name Apion (= Greek A7tiov) is well attested in Coptic. 28 
The only other reference to Abywn known to me in the later Arabic scientific literature, apart 
from a remark by the 13 th -century historian of science Ibn al-Qiftl, 29 which is based on Ibn 
al-Nadim, is in the introduction of a treatise on the use of the astrolabe by al-Blrunl (7). The 
treatise, entitled Maqala fl Tatriq ila ‘stomal funun al-asturlab at, differs from al-BlrunTs other 
two treatises on the astrolabe, the al-Istfab fi ‘l-wujuh al-mumkina fl sinaat al-asturlab and 
the Ikhraj ma fi quwwat al-asturlab ila ‘l-fil, and is extant in a unique copy, MS Paris B.N.F. 
ar. 2498,1, copied ca. 1000 H. 30 The text is corrupt and indeed the name Abywn al-Batrlq is 
miscopied as Ahwn al-tryq (fol. lr). However, al-Blrunl states that he had seen Abywn's treatise 
on the astrolabe (in its Arabic translation), and notes that it contained 157 chapters and that 
it was translated by Thabit ibn Qurra, the celebrated scholar and translator of Baghdad at the 
end of the 9 th century. 31 al-Blrunl further observes that the text used for the translation was 
corrupt, that Thabit had improved it where possible, and that the chapters in the book did not 
correspond to those listed in the table of contents. Abywn has previously been overlooked in 
studies of the early history of the astrolabe. In the section on al-Blrunl (7), I shall present 
evidence that Abywn ascribed the invention of the astrolabe to Hipparchus. 

4* c AlI ibn Ridwan 

The Egyptian scholar Abu T-Hasan c Ali ibn Ridwan (d. 1061) wrote an extensive commentary 
on Ptolemy’s astrological handbook known as the Tetrabiblos. I have not been able to consult 
any manuscripts of this, but Paul Kunitzsch has noted that the 16 th -century German scholar 
Johannes Stoffler cited the 15 th -century printed edition of the 13 th -century Latin translation of 


26 Ibid., p. 273. 

27 See Sezgin, GAS, VI, p. 103. The orthography Abywn seems acceptable. FliigeFs critical apparatus indicates 
variant readings from two manuscripts: Aynwn and Abnwn in the first instance (p. 24), and Abnwn and Axxwn 
(where z is an unpointed carrier that can be read as a “b” or an or a “y”) in the second (p. 26). I assume 
that Abywn is found in the two other manuscripts used by Flugel for this section of the text (see p. 3). Fliigel 
suggested an original Ajiiov (p. 24). 

28 Private communication from my friend William J. Fulco, S.J. I had previously wondered whether Abywn 
might have been identical with Ahron al-Qiss, “the priest”, who wrote on medicine in Syriac about the time 
of the birth of Islam (cf. Sezgin, GAS, III, pp. 166-168) and who is also mentioned by Ibn al-Nadim (p. 297). 
Although the name Abywn and Ahrwn could conceivably be confused in unpointed Arabic, this identification 
seems improbable. 

29 Julius Lippert, in his edition of Ibn al-Qiftl’s Tarikh al-hukama (p. 71), gave the name as Anbwn and 
listed no variants. 

30 Both Suter, MAA, p. 99, and Boilot, “L’ceuvre d’al-Beruni”, no. 47, suggest that this work is the same as 
that found in MS Berlin Ahlwardt 5794, which is not the case. See further Cairo ENL Survey, no. B78/4.3.5. 

31 On Thabit see the article by B. A. Rosenfeld and A. T. Grigorian in DSB, and also Sezgin, GAS, V, pp. 
254-272, and VI, pp. 163-170, esp. p. 169, no. 22. Dr. Richard Lorch has drawn my attention to the coincidence 
that al-Sufi’s treatise on the sphere also contained 157 chapters. 
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this, quoting an etymology of the Arabic asturlab as astur, “lines”, of Lab, a personal name. 32 
This merits further investigation, although this etymology was certainly not original to c All 
ibn Ridwan (2 and 3 are earlier). It is perhaps also worth mentioning that his treatise was also 
translated into Persian and Turkish, although both translations appear to be rather late. 33 

5 Kushyar ibn Labban 

Kushyar was an astronomer and mathematician of some distinction who lived in Iran ca. 1000. 34 
In the introduction to this treatise on the use of the astrolabe Kushyar says that asturlab is 
a Greek word and that the most common explanation of its meaning is mlzan al-shams, “balance 
of the sun”. 

6 Hamza al-Isfahani 

al-Birunl (7) informs us that the literary scholar Hamza al-Isfahani (893 - ca. 970) 35 discussed 
the etymology of the word asturlab, and also the word awj (= apogee). 36 al-Birunl specifically 
cites al-Isfahani’s work al-Muwazana as the source for his information. The full title of al- 
Isfahanl’s treatise is al-Khasais wa-’l-muwazana bayna 7- "arabiyya wa-’l-farisiyya, and 
unfortunately the only known copy thereof 37 is incomplete and there is no reference in the 
surviving text of either of the terms asturlab or awj. According to al-Birunl (7), Hamza stated 
that asturlab is an Arabicization of the Persian satara yab, “taker of the stars”. 

7 al-Birunl 

The great 1 l th -century scientist Abu T-Rayhan al-Birunl mentioned the etymology of the word 
asturlab at least twice in his writings. 38 In the first instance that has come to my attention, 
namely, in his treatise on astrology entitled al-Tafliim ft sinaat al-tanjlm, he states that the 
astrolabe was a Greek instrument called asturlabun, meaning “mirror of the stars”, which was 
why Hamza al-Isfahani (6) had explained it as being from the Persian expression satara yab. 
al-Birunl was not happy about this explanation, as we learn from his book on shadows entitled 


32 On ‘All ibn Ridwan and his work see Sezgin, GAS, VII, p. 44. On the Latin translation see Carmody, Arabic 
Sciences in Latin, p. 19 (1 Of), with references to the Venice 1484 and 1484/85 editions (“I” on p. 13). On this 
quote see Kunitzsch, “Fachausdriicke der Astrolabliteratur” (see n. 9 above), p. 470. 

33 Sezgin, op. cit. 

34 On Kushyar see Sezgin, GAS, V, pp. 343-345, VI, pp. 246-249, and VII, 182-183. I have used MS Paris 
BNF ar. 2487 (copied in 679 H) of his treatise. 

35 On Hamza al-Isfahani see Sezgin, GAS, I, pp. 336-337, and the EI 2 article by Franz Rosenthal. 

36 al-Birunl cites Hamza’s etymology of awj in his treatise On Transits (text, p. 17, transl., pp. 20-21). 

37 Namely, MS Cairo Dar al-Kutub lugha 90 (49 fols., ca. 700 H). 

38 On al-Birunl see the DSB article by E. S. Kennedy; Sezgin, GAS, V, pp. 375-383, VI, pp. 261-276, and 
VII, pp. 188-192; and Cairo ENL Survey, no. B78. 
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Ifrad al-maqal fi amr al-zilal. There he states that Hamza in his book al-Muwazana had stated 
that asturlab is an Arabicized Persian word, the origin being satara yab, “taker of the stars”, 
in Arabic mudrik al-nujum, “that which comprehends the stars”. al-Blrunl adds that this Persian 
name may very well have been derived from the special function of the instrument or may 
have been adapted ( c arraba here does not mean “to render into Arabic” but rather “to borrow 
a word into any language”) from the Greek, in the same way that Hamza mentioned that the 
Arabic expression is a Arabicization of the Persian. al-Blrunl indicates his knowledge that the 
Greek name is asturlabun and that as tar means “star” in Greek, as in the Greek words 
astronomia and astrolojia? 9 He adds that he has found ancient books on its construction and 
operation by the Greeks but not by other peoples, and that the people of the east (i.e., the 
Indians) do not know about the astrolabe and use only shadows. 

As noted in the section on Ibn al-Nadlm (4), al-Blrunl was familiar with the treatise of Abywn 
in the translation of Thabit. See also the next section. 

8 Anonymous {al-Miqyas al-murajjah) 

MS Cairo TaTat mlqcit 155 is a very unusual compendium of Arabic works on the astrolabe 
and quadrant, some of which merit detailed study. 40 The manuscript was copied in Egypt about 
1650, and several of the treatises are of Maghribi origin. The first treatise (fols. lr-15v) is 
entitled Kitab al-Miqyas al-murajjah fi 7- c amal bi-’l-asturlab al-musattah and is attributed to 
Abu T-Rayhan, that is, al-Blrunl, but this attribution is called into question by the fact that 
al-Blrunl is mentioned in the text. 41 The treatise is divided into two maqalas, parts, the first 
of which contains six fiusul, sections, but the Cairo manuscript breaks off in the first fasl of 
the second maqala. 

The unidentified author asserts in his discussion of the origin and the meaning of the word 
asturlab that Abu ‘1-Hasan Thabit ibn Qurra (see 4) in a book on the use of the astrolabe had 
stated that Hipparchus before Ptolemy had invented {wada‘a) the astrolabe and had made it 
plane (sattaha) in the same way as Lab had done. The writer continues with a discussion of 
the reason why Hipparchus had chosen a northern projection. Now the only work on the 
astrolabe known to have been written by Thabit is a translation of the treatise by Abywn al- 
Batriq (see again 4), but it seems unlikely that a scholar of the calibre of Thabit would himself 
have subscribed to the story of Lab, or have mentioned it without critical comment. We may 
perhaps conclude that the reference to Hipparchus was found already in the treatise of Abywn, 
but how could this Greek treatise have contained the nonsense about Labi 


39 Pines, “al-Blrunl on the Terms Astronomy and Astrology”. 

40 On the manuscript see Cairo ENL Catalogue, I, pp. 481-482. 

41 On this treatise see Cairo ENL Survey, no. B38 (illustrated in Fig. LVII on p. 277), and also Sezgin, GAS, 
VI, pp. 78 and 169. 
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9 Ibn al-Zarqalluh 

MS Istanbul Aya Sofya 2671,5, fols. 133v-151v, copied in 621 H [= 1224], is a unique copy 
of an anonymous treatise on the planisphaeric astrolabe, 42 whose author can be identified as 
the 1 l lh -century Toledo astronomer Ibn al-Zarqalluh (Azarquiel). 43 At the beginning of the 
treatise, the author states that asturlab is a Greek word which means akhdh al-kawakib, “taking 
the stars”, because by means of it the derived knowledge of the positions of the stars can be 
obtained. Ibn al-Zarqalluh quotes Ptolemy as stating that the astrolabe is like the celestial sphere 
made into a plane, with the visible pole made to be its centre. Ibn al-Zarqalluh is probably 
referring to the introduction of the Arabic version of Ptolemy’s Planisphaerium, a copy of 
which precedes his treatise in the Aya Sofya manuscript. 44 


10 al-Harirl and commentators 

The Maqamat of the 1 l lh -century Basra litterateur al-Harlri are a classic of Arabic belles- 
lettres. 45 In this work there is no mention of any aspect of astronomy. However, a note on the 
etymology of asturlab and the invention of the instrument, stated to be taken from a 
commentary on al-Harlrl’s Maqamat, is found in MS Cairo Taymur hi kina 15, p. 137, 
immediately preceding a copy of the treatise Unmudhaj al- c ulum by Jalal al-Dln al-Dawwanl. 46 
The author describes the instrument as “one for measuring the stars and the sun”, stating that 
the first person to make it was Lab, and then adding an alternative derivation from Persian 
(due to Hamza al-Isfahanl), in which, however, the Arabic paraphrase is based on the meaning 
“mirror of the stars”, not on the correct meaning of the Persian. The same note is found in 
MS Cairo Mustafa Fadil hay"a 1, fol. lr, preceding marginalia by 'Alt Biijandl (24) to Qadl 
Zade’s commentary on the very popular compendium of astronomy al-Mulakhkhas fi ‘l-hay’a 
by the early-B^-century scholar al-Jaghmlnl, copied about the year 1610 in Amud, Iran. The 
note on asturlab from an unspecified commentary on the Maqamat occurs together with another 
stated to be taken from the Qamus (of al-Flruzabadl (23)). 

Another note stated to be taken from the commentary on the Maqamat by al-Mutarrizl (fl. 


42 This work, falsely attributed to Euclid on fol. lr, is listed in Krause, “Stambuler Handschriften”, p. 525, 
no. 15. 

43 On the author see the DSB article “al-Zarqall” by Juan Vemet and the references there cited. It was not 
preciously known that Ibn al-Zarqalluh wrote on the regular planisphaeric astrolabe. The author of the treatise 
in the Aya Sofya manuscript presents a star catalogue for the year 459 H, which is precisely the date mentioned 
by Ibn al-Zarqalluh in one of his three treatises on the universal plate, extant in a unique copy in fols. lr-75r 
of the same Aya Sofya manuscript ( cf. fols. lOr and 148v). (On this star catalogue see now Kunitzsch, “Two 
Star Tables from Muslim Spain”.) This particular treatise is arranged in 80 babs, as compared with his two other 
treatises of 60 and 100 babs: thus each of Ibn al-Zarqalluh’s three treatises is known to exist in the original 
Arabic. 

44 Cf. Krause, “Stambuler Handschriften”, p. 443, and Sezgin, GAS, V, p. 170. 

45 On al-Harirl see the article in EI 2 by D. S. Margoliouth and Ch. Pellat. 

46 On al-Dawwanl see the article in EI 2 by A. K. S. Lambton, and on his treatise see Brockelmann, GAL, 
II, p. 282. 



ON THE ORIGIN OF THE ASTROLABE ACCORDING TO THE MEDIEVAL ISLAMIC SOURCES 


593 





‘/t’L 

>> 

Jd ,f 
rf'U 

c/ r ^ v*. V s / 

+ ty'/j 

r# 

*>■ 

/ *o <z& s 

<*T- ^ 


*if V' 


•Via 


*4 


* / * fO*' _ ^ 

i iS&Vs i Tr Jt2 t 

v* • *" r* a. I. • / y// * ■*■’’.« 

* 7 <* zr^ n*7Z 

A,. • VV •,// . ‘s' 


r^~<^ 


►/- . jt +* \ zz^ 

r^L ^ 


>* 

$f| 

/.* r . -ifr/U 

* -*A^. . j£< . 


y, ,* '^">*’1X7^ * 

u » ^ *V7^v 



Fig. 1: Two sets of stories about the early history of the astrolabe, one in Arabic and the other in Persian. These 
are discussed in 10 and 32, respectively. [From MS Cairo TaTat mzga/ 255, fol. 2v, courtesy of the Egyptian 
National Library.] 
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Khwarizm and Baghdad, d. 1213) 47 occurs in Cairo TaTat miqat 255, fol. 2v, copied ca. 1700 
amidst various notes preceding a collection of treatises on instruments and timekeeping—see 
Fig. 1 and also 32 below. al-Mutarrizl quotes successively Abu ‘1-Hasan (Kushyar) (5), Abu 
Rayhan (al-Blrunl) (7), Hamza al-Isfahanl (6), and Abu Nasr (al-Qumml) (2). 

10* Muhammad ibn Ayyub Tabari 

A new source that has come to my attention is the Persian treatise Shish fasl (“Six chapters”) 
on the use of the astrolabe by the 1 l th -century astronomer Muhammad ibn Ayyub Tabari. 48 The 
author states that the term asturlab is Greek and means tarazu-ye aftab, “balance of the sun”. 
See further 32. 

Note added in proof. In October, 2004,1 noticed that the Tehran edition of Tabari’s Shish fasl also 
included another Persian treatise by him entitled al- c Amal wa-’l-alqab. In this (p. 179) he writes 
that the meaning of asturlab in Greek is tarazu-ye aftab (see 32), in Persian satarayab (see 6-7), 
and in Pahlevi jam jahan nama. The last, not attested in the other sources studied here, means 
essentially “mirror of the world”, and is recorded by Steingass ( Persian Dictionary, p. 636) as 
meaning, like jam jamm, “a mirror supposed to reflect all scenes and events”, and also, appro¬ 
priately, “an astrolabe”, as well as “a telescope” and “the human heart”. 

11 Abu Nasr Ahmad ibn Zarir (?) 

MS Leiden Or. 591 (pp. 32-46, copied 630 H) contains a treatise on the astrolabe with a crab¬ 
shaped ecliptic on the rete ( al-asturlab al-musartan ) by an individual named Abu Nasr Ahmad 
ibn Zarir (?). 49 Since the author mentions the celebrated astrolabist Hibatallah al-Asturlabl (fl. 
Baghdad, ca. 1100—see also 12) we may presume that he lived in the 12 th century. Abu Nasr 
states at the beginning of his treatise that asturlab is a Greek word, and that the astrolabe is 
a fine instrument and the “balance of the sun” ( mlzan al-shams). 

12 Ibn Khallikan 

The celebrated 13 th -century Syrian historian and literary scholar Ibn Khallikan discussed the 
origin of asturlab in his biographical dictionary Wafayat al-afan. 50 In his entry on Abu T- 
Qasim Hibatallah al-Asturlabl, the famous instrument maker of late-1 l th /early-12 th -century 
Baghdad (see 11), Ibn Khallikan cites first the etymology of Kushyar (5), and then presents 


47 On al-Mutarrizl see Brockelmann, GAL, I, pp. 350-352, and also p. 327. I have been unable to locate this 
passage in the Cairo manuscripts of al-MutarrizI’s commentary listed by Brockelmann. 

48 On this author, also known to us by his astronomical handbook called Zij-i Mufrad , see Storey, PL , 11:1, 
pp. 3-4 (no. 5) and 43-44 (no. 79); Sezgin, GAS , V, pp. 385-386 and 404; and Rosenfeld & ihsanoglu, MAIC , 
p. 116 (no. 301); as well as I-3.3.3, II-14.2 and IV-5.3 . His astrolabe treatise was published in Tehran in 1993 
and is listed under Tabari in the bibliography. The etymology occurs on p. 78. 

49 Abu Nasr and his treatise are mentioned in Suter, MAA , no. 484. 
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an anecdote about the invention of the astrolabe by Ptolemy, introduced with the word qila, 
“it is said that ... ”. The story is that Ptolemy was taking a ride with an armillary sphere 
in his hand; inevitably, he dropped it and the animal on which he was riding trod on it 
and squashed it: the result was an astrolabe. Ibn Khallikan goes on to relate that neither 
Ptolemy nor any of the ancients realized that the sphere could also be represented on a line 
and that Sharaf al-Dln al-Tusl was the first to develop a linear astrolabe, later to be improved 
by his student Kamal al-Dln ibn Yunus. Ibn Khallikan concludes this section with a discussion 
about the futility of trying to represent the sphere at a point! 

Indeed Sharaf al-Dln al-Tusl (fl. ca. 1200) did devise a linear astrolabe, called c a.sa ‘l-Tusl, 
“al-Tusl’s stick”, which was modified by his student Ibn Yunus, also a scholar of distinction. 51 
It is of interest that Ibn Khallikan early in his career met Kamal al-Dln ibn Yunus in Mosul, 52 
but it seems unlikely that he would have picked up the anecdote about Ptolemy from such a 
serious scholar. The only other reference to the anecdote known to me in later Arabic literature 
is in the writings of the 18 th -century Maghribi author Muhammad al-Bannanl (31). 

13 Anonymous (Maghribi or Andalusi) 

Another etymology occurs in an anonymous Maghribi or Andalusi treatise on the astrolabe 
preserved in MS Cairo Dar al-Kutub miqat 1169,6 (fols. 45r-57r, copied 1158 H). 53 This treatise 
begins with the statement that asturlab is a Greek word which was originally asturlabul [read 
asturlabunl ], 54 meaning dhat al-nujum, “possessing stars” and that the letters after the b were 
removed “to make (the word) lighter”, that is, “to make it easier to pronounce”. 

14 Musa ibn Ibrahim 

Yet another etymology is contained in a treatise on the astrolabe attributed to Musa ibn Ibrahim, 
on whom I have no further information. The treatise is contained in MS New York Columbia 
285,1 (fols. lv-8r, ca. 1000 H), and begins s-t-t-l-’-b [ sic\ ] in Greek means taking the altitude 
of a star because \str is star in that language and taking is lab. 55 Some people say that it means 
“balance of the stars”. It is attributed to Ptolemy”. 


50 On Ibn Khallikan see the EI 2 article by Johannes Fuck. This passage is found in his Wafayat al-a c yan, II, 
pp. 184-185, transl. de Slane, III, pp. 581-582. 

51 On Sharaf al-Dln al-Tusl see the DSB article by Rushdi Rashed. On the linear astrolabe see X-5.6 and the 
bibliography there cited. 

52 On Kamal al-Dln ibn Yunus see Suter, MAA, no. 354, and Brockelmann, GAL, SI, p. 859. 

53 See Cairo ENL Survey, no. F70. 

54 There is a possibility that a Spanish influence is operating here to provide an ending -ol. 

55 The manuscript has lat rather than lab, which is probably an error of the copyist rather than the author. 
The former is at least attested in Egyptian Arabic: when I once complained about a bottle of Stella in a Cairo 
restaurant, the waiter asked me “Fih latT\ 
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15 Ibn Jamaa 

Ibn Jama c a was a scholar of Hama in the late 13 th century 56 and in the first chapter of his work 
on the use of the astrolabe he states that asturlab is a foreign word meaning “measurer of the 
stars” or “balance of the sun”, or according to another opinion, asturlaqun, “mirror of the stars”, 
taking astur as “star” and laqun as “mirror”. Here perhaps Idfun is intended: see the remarks 
on Hajjl Khalifa (27). Ibn Jama'a adds that the derivation from astur and Lab is not to be relied 
upon. 

16 Abu ‘All al-Farisi 

Two etymologies for asturlab are proposed by Abu c All al-Farisi (fl. Hama, ca. 1300) in his 
treatise on the astrolabe entitled Maqasid dhawi ’l-albab ... . 57 al-Farisi first states that the name 
is a compound Greek word, ustur (the text is vowelled) meaning “sun” and lab meaning 
“balance”, or, according to others “mirror”, and then states that “the Arabs” say that astur is 
the plural of satr, “line”, and that Lab is the son of Idris. 


17 al-Nuwayrl 

al-Nuwayrl (d. 1332 in Tripoli), 58 in his encyclopaedia Nihayat al-arab fl funun al-adab, states 
that asturlab, as well as the terms tarjahara and binkam for water- and sand-clocks, were not 
Arabic. 59 This statement is also recorded by al-Khafajl (26). 

18 al-Mizzi 

Shams al-Dln al-Mizzi, a leading astronomer in Damascus in the mid 14 th century, wrote a 
treatise on the use of the astrolabe. 60 In the introduction he states that the word asturlab is Greek 
and that it means “balance of/for the sun”. See also the addenda at the end of this study. 


56 On Ibn Jama'a see Brockelmann, GAL, II, pp. 89-90, and SII, pp. 80-81; Awwad, “Astrolabe Treatises” 
(in Arabic), no. 179; and Cairo ENL Survey, no. C23. On his family see the article “Ibn Djama'a” in EI 2 by 
K. S. Salibi. I have used the unique copy MS Cairo Mustafa Fadil miqat turki 6,1 (fols. lv-20r, copied ca. 1150 
H) of his work on the astrolabe. 

57 Abu ‘All al-Farisi is not listed in the modern bio-bibliographic sources on Islamic science, except for 
Awwad, “Astrolabe Treatises” (in Arabic), no. 175, and Cairo ENL Survey, no. C20. His treatise is extant in 
the unique copy MS Cairo Qawala miqat 2,1 (fols. lr-57v, copied ca. 800 H). 

58 On al-Nuwayrl see Brockelmann, GAL, II, p. 175, and SII, pp. 173-174, and the EI 2 article by M. Chapoutot- 
Remadi. 

59 Quoted in Lane, Arabic-English Lexicon, I, p. 58, from the commentary on the Nihayat al-arab by 
Muhammad ibn al-Tayyib al-FasI (Brockelmann, GAL, II, p. 175, and SII, p. 175). I have been unable to locate 
any reference to asturlab in the published text of the Nihayat al-arab. 

60 On al-Mizzi see Cairo ENL Survey, no. C34, and the references there cited, also II-9.2. I have used MS 
Istanbul Fatih 5397,25 of his treatise on the astrolabe. 
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19 Anonymous 

The author of a treatise on the astrolabe in 14 babs entitled Tuhfat al-tullab fi 7- c amal bi-’l- 
asturlab, which is probably a 14 th - or 15 lh -century Egyptian or Syrian compilation, discussed 
the etymology of asturlab in the introduction to his treatise. 61 He states that the name asturlab 
is Greek and means “balance of the sun”, and also that Lab was a wise man who drew the 
lines ( astur ), so that the instrument was called astur-Lab. This passage is related to the parallel 
one in the treatise of al-Mizzl (18). See also the addenda. 


20 Sharaf al-Din al-Khalill 

Sharaf al-Din al-Khallli, the nephew of the celebrated astronomer of mid-14 th -century 
Damascus, Shams al-Din al-Khalill, wrote treatises on the standard instruments of his time, 
including one of the use of the astrolabe. 62 In the introduction to this he states that asturlab 
is a foreign word meaning “(instrument for) measuring the stars” or alternatively “balance” 
or “mirror of the stars”. 


21 Anonymous 

The anonymous author of a treatise in 25 babs on the spherical astrolabe which was probably 
another 14 th -century Syrian compilation, 63 states that asturlab is a foreign word to be explained 
as “mirror of the stars” or as “the balance of the sun”. 

22 al-Damiri 

The late-14‘ h -century Egyptian scholar al-Damlrl is celebrated for his encyclopaedia on zoology 
and folklore entitled Hay at al-hayawan. 64 In this work al-Damlrl apparently states that asturlab 
means “balance of the sun” because astur means “balance” and lab means “sun” in Greek. 
al-Damlrl’s etymology was cited by Muhammad al-Bannanl (31), but I have been unable to 
locate the reference to asturlab in the published text of his encyclopaedia. 


61 I have examined MS Istanbul Fatih 5397,24 (fols. 190r-195v, cop. 1113 H) of this work. Awwad listed 
several manuscripts of what he thought to be copies of a work with this title and attributed the treatise to the 
Andalusl astronomer Abu i-Qasim Ahmad ibn 'Abdallah ibn Muhammad al-Saffar, but the listings and 
attributions are confused (cf. Awwad, “Astrolabe Treatises” (in Arabic), nos. 28 and 29). MS Princeton Garrett 
1024 appears to be a copy of the same work as contained in the Fatih manuscript, and is likewise anonymous. 
The other manuscripts listed by Awwad are copies of a different treatise by Ibn al-Saffar which has been 
published (see the article “Ibn al-Saffar” by B. R. Goldstein in EI 2 ). 

62 On Sharaf al-Din al-Khalill see Cairo ENL Survey, no. C38, and the references there cited. I have used 
MS Istanbul Fatih 5397, fols. 65v-71r, of this treatise. 

63 This treatise is extant in MS Istanbul Hamidiye 1453, fols. 213v-219r, copied in 869 H. 

64 On al-Damlrl see the article in EI 2 by L. Kopf. 
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23 al-Firuzabadl 

The celebrated philologist al-Firuzabadl (b. 1329 Shiraz, d. 1415 in Zabid) included an entry 
on lab in his lexicon entitled al-Qamus al-muhit. 65 He states that Lab was a man who drew 
lines and based calculations upon them and that the lines were called astur-Labin, “the lines 
of Lab , \ This became a compund word and the annexation construction was dropped. With 
the definite article the name became al-asturlab, or al-asturlab with a sad because of the ta. 
This etymology from the Qamus is also found in an astronomical manuscript copied in Amud 
about the year 1610 (see 10 ). 

24 al-Birjandi 

There is no reference to the origins of asturlab in the treatise on the astrolabe by the celebrated 
13 th -century Persian scholar Naslr al-Din al-Tusl. However, in the Persian commentary on this 
treatise by ‘All al-Birjandi (fl. ca. 1500), 66 there is a section in which the author quotes the 
opinions of Kushyar (5), al-Blrunl (7), and through him Hamza al-Isfahanl (not named) (6), 
as well as the anonymous commentator on the Maqamat of al-Harlrl (10) and through him Abu 
Nasr al-Qumml (2). 67 In this quotation the answer to the question asked by Hermes—not Idris— 
is either due to Lab or Hermes himself: the Persian is ambiguous. al-Birjandi also mentioned 
that some people had said that astur means tasnlf, “a written work or compilation” or “the 
act of preparing this”, and that Lab, a son of Hermes, had invented the instrument. al-Birjandi 
was later quoted by Munajjimak (28) and Ishaq al-Zarkanl (29). 


25 Jalal al-Din al-Suyutl 

MS London B.L. Add. 9599, fol. 7r, contains a note on the Arabic words al-Mijistl and asturlab 
stated to be taken from al-Nafha al-miskiyya, a work by the late-15 th -century Egyptian polymath 
Jalal al-Din al-Suyutl. 68 The author states that Ptolemy was the first person to make an astrolabe. 
He adds that Kushyar had said that the term asturlab was Greek and that it meant “balance 
of the sun”, and that some had said that Lab was the name of the sun in Greek. 


65 On al-Firuzabadl see the article by H. Fleisch in EI 2 . I have examined MS Cairo Dar al-Kutub l ugh a 34 
of his work, transcribed in 899 H from the author’s copy. The entry on asturlab in Lane’s Arabic-English Lexicon 
(see n. 84) is based mainly on al-Firuzabadl. 

66 On al-Birjandi see Suter, MAA, no. 456; Storey, PL, 11:1, pp. 54 and 80-82; and Cairo ENL Survey, no. 
G58. 

67 The Persian text edited in the Appendix was kindly prepared by Professor E. S. Kennedy. 

68 On al-Suyutl see Brockelmann, GAL, II, pp. 180-204, and SII, pp. 178-194, and the EI 2 article by E. 
Geoffrpy. On the treatise al-Nafha al-miskiyya see GAL, II, p. 202 (no. 291) and SII, p.197. 
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26 al-Khafajl 

The celebrated Egyptian philologist Shihab al-Dln al-Khafajl (d. 1659) in his book on loan¬ 
words in Arabic entitled Shi fa al-ghalil ... , gives no information on asturlab other than that 
it, along with the terms tarjahara and binkam, is not Arabic. 69 He adds that the word is 
mentioned in the Nihdyat al-arab, a work by al-Nuwayrl (17), and in fact al-Khafajl’s remark 
is taken directly from al-Nuwayrl. 


27 Hajji Khalifa 

The 17 th -century Turkish scholar Hajji Khalifa 70 in his bibliographical encyclopaedia Kashf al- 
zunun records various interpretations of the name asturlab. 11 He quotes Kushyar (5) and al- 
Blrunl (7) without mentioning their names, and also the Mafatih al-hiltim (3). When quoting 
al-Blrunl, Hajji Khalifa presents the name as asturlafun, perhaps reflecting a contemporary 
Greek pronunciation of (3. 72 He concludes the passage on the astrolabe with the statement that 
the first person to make an astrolabe was Ptolemy and that the first person in Islam to make 
one was Ibrahim ibn Habib al-Fazarl. He then cites the titles of three books on the astrolabe 
('Tuhfat al-nazir, Bahjat al-afkar, and Diya al- z uyun, none of which is extant, and none of which 
can be attributed to any author. 

28 Munajjimak 

Muhammad FazaT (?), known as Munajjimak (= the little astronomer), was chief astronomer 
in Istanbul about 1675, and wrote an extensive treatise on instruments of which only fragments 
survive. 73 The fifth maqala of Munajjimak’s treatise deals with regular planispheric astrolabes, 
universal astrolabes, and quadrants, and begins with a discussion of the word asturlab. 
Munajjimak’s remarks appear to be based on those of al-Birjandl (24), but in the story attributed 
to Abu Nasr al-Qumml (2) it is no longer clear whether Hermes or Lab is answering the question 
who drew the lines. Having been translated from Arabic to Persian and back to Arabic, the 
anecdote is now hopelessly confused. See also the next entry. 


69 On al-Khafajl see Brockelmann, GAL, II, pp. 368-369, and SII, p. 396, and the EI 2 article by F. Krenkow, 
reprinted from EI V I have consulted MS Cairo Mustafa Fadil lugha 20, in which asturlab is mentioned on fol. 
75v. Brockelmann lists only the Cairo manuscript, which may have been the basis for the two printed editions 
that he mentions. 

70 See the article “Katib Chelebl” in EI 2 by O. S. Gokyay. 

71 Hajji Khalifa, Kashf al-zunun, I, cols. 106-107. 

72 The 1892 Cairo edition of Hajji Khalifa’s work has asturlaqun. 

73 Munajjimak is listed in Cairo ENL Survey, no. H23, and now Rosenfeld & ihsanoglu, MAIC, p. 408, no. 
1354, alas listing no new manuscripts. The text of the passage is found in MSS Cairo Dar al-Kutub miqdt 735 
and 70, which are two fragments of the fifth maqala of his treatise. 
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29 Ishaq al-Zarkani 

In some marginalia to an anonymous Arabic treatise on the astrolabe in 15 fash, an individual 
named Ishaq al-Zarkani, 74 on whom I have no further information, translated the remarks of 
al-Birjandl ( 24 ), and introduced some minor modifications. For example, he said that the 
meaning of the Greek asturlafun (which is written asturlanun in each of the copies I have 
consulted) was mir’at al-kawakib, “mirror of the stars”, and that some had said wahid al- 
kawakib, implying that the term meant “mirror of the star”. Here, however, wahid must result 
from a corruption of akhdh, or wa-akhdh. 

30 c Abd al-Rahman al-Fasi 

The 17 th -century Moroccan scholar c Abd al-Rahman al-Fasi compiled a lengthy poem called 
al-Uqnum on the different branches of knowledge, which included a section on the astrolabe. 75 
In the margin of the Cairo manuscript of this work is a note on the orthography of asturlab 
and Batlaymus (= Ptolemy), 76 as well as a remark that Ptolemy was the first person to make 
the astrolabe, and a reference to the existence of a curious story about his invention of the 
instrument. The details of this story are preserved in a commentary on al-FasI’s section on 
the astrolabe: see the next section. 

31 Muhammad al-Bannani 

Muhammad ibn c Abd al-Salam ibn Hamdun al-Bannani, a scholar of Fez who died in 1163 
H [= 1750], wrote an extensive commentary on al-Fasl’s poem ( 30 ) which is extant in MS 
Cairo Taymur riyada 113 (144 pp., copied 1327 H). 77 In a discussion of the etymology of 
asturlab, the author first mentions that it is a foreign word meaning miqyas al-nujum, 
“instrument for measuring the stars,” or mizan al-nujum, “balance of the stars”. He adds that 
“it is said that” firstly lab is the name of the celestial sphere in Greek, and secondly that Lab 
is the name of the inventor of the instrument and that it was originally li-Ab, “to the Father”, 
where Ab was the name of “the Teacher”, that is, Idris. Since astur is the plural of satr, asturlab 
are “the lines of the sphere” ( astur al-falak ) and “lines of the philosopher” ( astur al-haklm). 
Muhammad Barman! concludes with a story about the invention of the astrolabe by Ptolemy, 


74 The treatise exists in numerous copies, many of which include the marginalia. I have used MSS Cairo Tal'at 
miqat 154, Zakiyya 782, and K (= falak) 3844. See Cairo ENL Survey, nos. X24 and Z29. 

75 On ‘Abd al-Rahman al-Fasi see Renaud, “Additions a Suter”, no. 541; Brockelmann, GAL, II, pp. 612 and 
675, and SII, pp. 694-695; Cairo ENL Survey, no. F50; and the article “ c Abd al-Rahman al-Fasi” by E. Levi 
Provencal in El,. I have used MS Cairo Dar al-Kutub J 3664 (287 fols., copied ca. 1250 H), fol. 179v. 

76 Ptolemy’s name in Arabic was more often written Batlamiyus, but in late texts both forms occur. Cf. the 
article “Batlamiyus” in EI 2 by M. Plessner. 

77 On Muhammad al-Bannani see Brockelmann, GAL, II, p. 615 (where the Alexandria manuscript is 
mentioned) and Cairo ENL Survey, no. F57 (on the Cairo manuscript), and Rosenfeld & ihsanoglu, MAIC, p. 
409, no. 1361. 
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which was related by “a group of historians”. This story is none other than the one related 
by Ibn Khallikan (12), and Muhammad al-Bannanl’s treatise is the only medieval scientific 
work known to me that contains this delightful story. 

In a shorter commentary by Muhammad al-Bannanl on the same poem, extant in MS 
Alexandria Baladiyya 3504 J (copied 1186 H), the author quotes the opinion of al-Damlrl (22) 
on asturlab, and adds that: 

“Ptolemy was the first person to make an astrolabe and there is a strange story about 
his making it which we have related in the (longer) commentary”. 

32 Ibrahim Faruql 

There is a group of explanations of the term asturlab in Persian, some of which clearly 
represent traditions quite different from those that I have documented in the Arabic sources. 
For example, in MS Cairo TaTat mlqat 255, fol. 2v, copied ca. 1700—see Fig. 1 —there is 
a note in Persian (alongside the Arabic note discussed in 10 above) 78 containing legends about 
Alexander and is stated to be taken from a work entitled Sharaf-nama by Ibrahim Faruql. I 
have been unable to identify the author, or to determine the relation of the work to the medieval 
Islamic folklore on Alexander. 79 The text translates as follows: 

“A first story: Alexander commanded all the sages to construct something so that it 
would remain in the world as a memorial to him. So Aristotle constructed an astrolabe 
which elucidated the secrets of the spheres for all the sages. It is the balance of the 
sun, which is called in Greece astar-tarazu or lab-i aftab. Some said that Lab is the 
name of another sage who by the request of Alexander constructed the astrolabe. 
Another opinion is that Lab is the name of the son of Aristotle who is the constructor 
of the astrolabe. According to the fourth story, Lab is the name of a son of Idris— 
blessings and praise be upon him—who had the greatest skill in the knowledge of 
science, and he made the astrolabe with the greatest excellence. But the first story is 
the most correct. It is also called asturlab and strulab and sturlab and sulab. Taken 
from the Sharaf-nama of Ibrahim Faruql.” 

Notice that the expression tarazu-yi aftab for “balance of the sun ” is recorded by Muhammad 
ibn Ayyub Tabari (10*). However, lab-i aftab is new, and would not mean “balance of the 
stars”. However, lab-i astar, meaning “lip(s) of the star(s)”, appears to have been in circulation 
in Persian-speaking circles, at least in the 17 th century (see 33). 


78 1 found this Persian text whilst preparing the illustrations for the Cairo ENL Survey: see pi. LIII on p. 273 
and the caption on p. 207. I am grateful to Professor E. S. Kennedy, and also to Professor Peter Chelkowski 
of New York University, for reading and translating this text. 

79 On the Alexander legends in general see the EI 2 article “Iskandamama” by A. Abel. Ibrahim al-Faruql 
is not mentioned in Storey, PL, and no such references to Aristotle and the astrolabe are contained in such basic 
works on the medieval Iskandar as Southgate, Iskandarnamah, and Cary, The Medieval Alexander. The astrolabe 
is mentioned in the Iskandarnameh of Nizami (ca. 1175): in a decisive battle against the Russians, Iskandar 
is guided by calculations made with an astrolabe. See further Chelkowski, “Nizami’s Iskandarnameh ”, p. 38, 
and Fig. X-1.2. 
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33 Jean Chardin 

The 17 th -century French traveller Jean Chardin spent time with the astrolabists of Isfahan and 
he has left us a description of the methods they used to construct astrolabes. 80 His account is 
of considerable interest for the history of Islamic instrumentation, and it also contains an 
account of the opinions of the Persian astronomers on the meaning of the word asturlab : 

Je viens a TAstrolabe, & je dirai d’abord que ce nom vient d’Asterleb, terme Persan, 
qui veut dire levres des Etoiles; parce que c’est par cet Instrument que les Etoiles se 
font entendre. D’autres disent, qu’il faut prononcer Astir lab, c’est a dire, connaissance 
des Etoiles, & c’est comme les Persans apellent d’ordinaire cet Instrument-la; mais 
dans leurs livres & dans leurs legons ils l’apellent Veza Koure, mot abrege de Veza 
el Koure, qui signifie position de la Sphere, parce que cet Instrument & la projection 
des cercles de la Sphere est un plan. C’est sans doute de ce terme Veza el Koure qu’est 
venu le terme barbare de Valzagore, qui se trouve dans Regiomontanus, & dans les 
auteurs qui Font devance, pour signifier TAstrolabe. 

These interpretations of asterleb as a Persian word meaning “lips of the stars”, and that the 
word should be pronounced astir lab and means “knowledge of the stars”, have no counterpart 
in the known Islamic textual sources. However, lab does mean lip in Persian, cognate to labium 
in Latin. 81 

Chardin’s report that the Persians “in their books and in their lessons” call the instrument 
veza el koure is of considerable interest. What he meant is that “it is reported that they call 
it this”, for he certainly did not hear this from any Iranian instrument makers. The expression 
looks as though it derives from wad c al-kura, “placing the sphere”. But no Arabic astrolabe 
texts have this (meaningless) expression, and, as Paul Kunitzsch has shown, the numerous Latin 
variant forms of walzagora result from a medieval European corruption of the expression bast 
al-kura, “the flattening of the sphere”, attested in the textual tradition of Maslama al-Majntl. 82 

34 Ahmad Basha Mukhtar 

In a text-book on traditional mathematical astronomical instruments called Riyad al-Mukhtar 
and published in both Turkish and Arabic in the 1880s, the author al-Ghazl Ahmad Basha 
Mukhtar states that asturlab is derived from two Latin words: astur meaning “star or celestial 
body” and labiyum meaning “plate” ( lawha or safiha)P He also states that the astrolabe was 
invented by Ptolemy. 


80 This passage has been studied in Michel, “Construction des astrolabes persans”, esp. p. 485. On Chardin 
in Iran, see now King, Mecca-Centre World-Maps, p. 440. 

81 We find the same notion— astrolabium quasi labium astri —in early Latin texts: see Kunitzsch, 
“Fachausdriicke der Astrolabliteratur”, p. 470, and the concluding remarks to this study. 

82 See Hartner, “The Astrolabe”, A, p. 287, and Kunitzsch, “Mittelalterliche Glossare”, pp. 20-21, sub 
vuazalcora, and idem, Fachausdriicke der Astrolabliteratur”, pp. 63-64, sub bast al-kura, where “(Ober-)Flache 
der Kugel” is to be corrected to the equivalent of “flattening the sphere”. See also Dorn, “Drei arabische 
Instrumente”, p. 83, Morley, Astrolabe of Shah Husayn, p. 5, and Gandz, “The Astrolabe in Jewish Literature”, 
p. 476, where the term is mentioned as if it was of Arabic origin. 

83 Mukhtar, Riyad, p. 238.1 owe this reference to the kindness of Professor Paul Kunitzsch. In 2003, Professor 
Ekmeleddin ihsanoglu kindly sent me a photocopy of the Turkish version. 
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Concluding remarks 

The extent to which such popular etymologies gained acceptance in informed Muslim circles 
is revealed in the entry for lab in Steingass’ Persian-English Dictionary , published in 1892. 84 
He lists the following meanings: 

“the sun; request; supplication; name of the son of Idris; also of the inventor of the 
astrolabe; or of the son of a Greek King of the name of Istar (?).” 

In the last proposal, Istar is probably a corruption of astur. With the identification of Lab as 
the son of Astur we should consider bringing this survey of medieval Islamic notions about 
the origin of the Arabic term asturlab to an end. 

As already noted, a preliminary survey of the Latin sources was conducted by Paul Kunitzsch 
in 1981. 85 He found that both the notion astrolabium quasi labium astri in a 10 th - or 1 l th -century 
text from Ripoll, and the notion astrolabium est nomen grecum cuius interpretatio est acceptio 
stellarum of Pseudo-Messahalla, were in circulation in medieval Europe. He further showed 
that the 16 th -century German astronomer Johannes Stoffler knew of the correct etymology of 
Pseudo-Messahalla and even the nonsense about the astur of Lab, which Stoffler had found 
in the Latin translation of the commentary of ‘All ibn Ridwan (4*). 

Surely more attestations of these etymologies and perhaps even a few others will be found 
as more Arabic, Persian and Latin manuscripts of scientific and pseudo-scientific as well as 
lexicographical and encyclopaedic works are investigated. 

The word “astrolabe” continues to excite, to mystify, and to confuse. A lady asked me at 
a cocktail party in the 1990s how my work on Skylab was progressing. But amongst the 
conoscienti, the fascination with the magic of the device continues. In the same spirit as our 
medieval authors, Francis Debeauvais and Paul-Andre Befort in 2002 entitled their beautiful 
new book Cueillir les etoiles—Autour des astrolabes de Strasbourg. 


Addendum : In the texts of al-Mizzl (18) and an anonymous Mamluk astronomer (19) there is a 
statement that is taken from the treatise on the astrolabe by the Andalusl astronomer Abu T-Salt 
ca. 1000, which was compiled whilst he was in prison in Egypt. The remark is to the effect that 
“the astrolabe is an instrument with which one can achieve the solution of many astronomical 
problems, for practical and didactic purposes, not including those relating to (the moon and) five 
planets, by the easiest procedures and simplest methods” ( huwa ala yatawassal biha ila ma c rifat 
kathir min al-amdl al-nujumiyya al-tallmiyya min ghayr al-khamsa al-mutahayyara bi-ashal 
tariq wa-aqrab ma’khadh ). This very sensible remark is indeed found in Abu ’1-Salt’s treatise 
(MS London Or. 5479,1, naskhi , Egypt ca. 1200, fol. 2v). Alas, for our present purpose, neither 
he, nor his contemporary Ibn al-Samh (Viladrich, Ibn al-Samh on the Astrolabe ), mentions the 
origin of the astrolabe or the etymology of its name. The influence of the treatise of Abu T-Salt in 
the Islamic East and West merits further investigation. 

84 Steingass, Persian-English Dictionary, p. 1110. The article on asturlab in Edward Lane’s Arabic-English 
Lexicon, published in 1863, is based on the remarks of al-Nuwayrl (17) and al-Flruzabadl (23): cf. Lane, Arabic- 
English Lexicon, I, p. 58, cited in Gunther, Astrolabes, I, p. Ill, and Gandz, “The Astrolabe in Jewish Literature”, 
p. 475. 

85 Kunitzsch, “Fachausdriicke der Astrolabliteratur” (see n. 9 above), pp. 470-471. 
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ARABIC TEXTS 


&Lui La tka L-J^jukall C % ^ 4*k3 p J 

Q* A^aajla 

[<k£l jSJl Aai &Li x-a ^jUjj ^jujI L-lVjk^j J 

^ v ^k (J^XoIl C-jU^ 4_»_.LS ^ Y J 

k^ ^ O — ^ ^ (3 *Y Y Y L ~ a j^ l*4»\Li Aj^j^syaJl C-u£il ^jlA Akijkaa ^1 j ^ - ^^\\ 

jiiij arYV joli JjAjllu.l^Jajia^ (v 

^jijAiij clil jjVHajl j kjkail <j*a A_*£ Laj ^ 4la Axk3 (JS ^yj) j '*' i-jV^k^Vl _j£a v -i AjIIjII AJULall qa <^jlSSl (J*yaall , t1 
^tills Alkie 1 Ajk tjjftic. \gjk I(jnks iiSja-U tillall <jLLe ^^k SjS IjAal yjljSft ^LekJl <jl£ fk»aVlJ 
jjIjaII j-a lA jjc-j jlgill Jax* 5 SjjIAj jl$ill c i*s\\ jjIjAj (J3*V1Jj| jAj £li3jVt jjljA Jlk ^IkxJl jjIjaII SjSlI ^^k j 

mV Ai Jli lH» J^V j ^ 8 ^1 ^ja) fU Jj ^llkll' l^j 7 jja^auMaJj (J^lllj jt$ill 6 ^ 

4jjI J] fiiiiij ^Lll ^AjI ^ L_jV^>kuoVl Jk AaJlj Sj£ll k>niS tillill ^ AkA ^ Aiuaa Ai^uaj <Jdk ^k ^ Aij 
<jaLll ^ AlaAiuilj Ik Ajk £3ji ^ c_iV^>kyji Ik aJ ^ (Jki ^ 6^)kyj ^a Ik Jlij H AlaLj ^ aAali 

Igk Axkfl (JS ^ ^jyil Ik Ia Ul djJjS 1 pUaS CjV^>kuibUj ^ o^«J ^o 

;c_j ^ ><njj ;l ^ ^ , Ijajuiaj ;c_j Jjjoujgu ;1 ^ ^ # IS- 1 ^ ilc. ;<_i ^ . 1 jA^jI ;l_i ^ , l^la ;1 ^ . c-iV^JayiVt IS-i ^ * 

i ^ o.^^kja ;l ^^3 13-13 . *| ^ # <Laljj ;cj ^3 , AjA ^ , A-k*ia ;uj ^2 # i j_^SU ^ 

pA^tJ jjsxkJ)i i j ^1 l * J a^Ajuia (»_j^LSIj j^aJl jb ^ 1 ^ . ojlxalttilj j 

. i ^ o^su 16 . ^iLst 


Alii «li£' ^^kll jcajUla (j* Ajckfi 

)n 4 (a \n^i sjAiai) £jAk*li ^li ; Jt i^li 

^kl (JaS 4^11 j j ai^aJl jA yjjVJ iti jA j^^ij ^jjjV jhfcrfii aiUjalU jAj ^jaoSl ^jjjUk dUx^a L . ^ 
ckj A- 1 ' mV (j jj^afrjj ^ J |Aj Aj V Lqa Ik CjISISLSVW ost*) kjjjk^i: ^jaal! 

(kauyij L-i^xJi jluJ qa Aililuul ^Uja ^jyil Ik j kail jA j ^kuo iuaa. ^kuJj 

^jkit ckui^ill ^m— Cy* ^kS (£ J 

^ \ AV ^ jjkll ;^A*-a-all 

^kyyall c-jV^>kuiV4 ^ /l ^ L_u£il ^j-a AJ j d ^xJ j jam&u (JiS Ajjuaal j Qj. \ Y V * (j-a 

(JaxJI ^1**^ a , a L-L^il ^j-a aJj kkwi^j t'V l^l<a j jk*. ^Lu>Vt . J-ac- ^<a J . |A j ,, _ ^ jl jiil \ Y VT ^ya 

^kuyall UJ V^^k^V^J ckxil ujU£ ^kil Cjij jA j 4_jV^>ky)V^ 

Ikj ALfl l "A Aft - JjaJ ^jAaik ^j^a cSj^J Aakma ^jkll CjUV jk*«V1 CjjIS n^>j CjVVI ^k ^^ISii ; Y A £ 

l^i£ij Cjj^kj ^^ qaj A-iiXaJ (J-axJ CjVVI 4lul£j jj^kll cjV jkoiV^ jckua ^j-a Jjlj ^jAaSlU iiJjJj V 

L-fila iji\ J) ^ki Jw-o jil ,ij Lai Cjj^aLail yli Ik LlSj Jj y j^aLall ^U1 ka Ajjailoxil Ajjjil s 4 ^kxJl ^uyJilj cjij 

LjjV^kyaV^ kj Ik UaL ^Lak (jJaxJ k& \ ^ nx \ i^J (3^^^ Cjlj aJ J^axSI ^Aj^j^aJi 


^kiSll ^V ^La^aJl ^cJ^Lj <j-a AjtkS 

V\ (j^a 4^ ^ • Y* 4 ^^ikalt | jA^aall 

cj 5 u£ AkkaJ ( jaI dAxJ jl aLS ^^LuiV^ lAfa AjAa ^ jl£ Aklall CjVVI A^lkai ^Ilc* (jjoAl^-a ^jJabj ^jkll yjfil 

^kukl L-jV jk^VLi (JaaII 
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4jldl J L-JV /I L 

Y £ AV Ajila jll Ai&oll AJa a | 

. . . (JJ-Ojull (jl j;U oL*-a J (JjS La AjjlijJ A-al£i ... 

flj^Vl SjaJ Ajjl JaII l—Aj& 4 J - 0 4 *Jra^ 

dUjI V jla jI 


JjjjjII (jIajjII A^LL-tal 4 jII ujLSS <j*q AjlLS (V) 

( 1 S £ (j-a if ) S Y" £ 4yAil 4^jjJauoll ^j^ajll J Unr ih Lo£) AT" £ 5 AuUaJ^jll Ajj£a 1I AJajl^A a | j.lj^vall 


djUui Aj( Ajj^jlill qa J\$ V^V^I 4j l.i$Jj f31 J J I^ajwiI (jjjjUjjll Al\ jA 4-jjf jin* J La 

...^b 

L-jIj ftjLuaJ ;<J*-aSM J * 

^JjjOill (JiUall ^-al (JULaII jlJl Ja l-jV JtujVI ^ AjtJaS 

Y Y Y 4^ ^ SV1 44. ^) AJLa^jJ t ji CAskjL^al jua 4 IS ^j-a 4^ ^ S £ A 4^UI p jjIxaII • j^ajli ; j v ^>*11 

fj*d\ LS_jJU J Cjb 1 ftjLLui l^ili CaJ je jS A-U-ujli Aja&l C^V >iawujV^ Aylj-all L t Jl^iL-a^l oJ^oji* ^ ... 

Aa*J jli AjjujjUll 4_JJy*j£ AjjL jjli y*a L jxa LaJj Aj y-aLaJl Jjl&II qa liaJLa La] yjjyill JliC . A*ojuiI I Lb yjfL yl 
3 b^ylj JajuJ *jaj]I ^IfLaJ A&\ Lrf*VJ L^a^.:- c; jKuil ^ALy& ^ojuU 4 ijfl \\ f\c> yl (Jjljj fy ill jA Jajuilj ^ Ajjljj^IU 

V J Lo Vjlla fASk* jl£ ^jjj tlijjj ^A jjxI Oaj ^1j Axu^i Lj£ l^j Ja*J|j l^lnu^ L^j <11 jAj 

# ., <1^j JJall (JLoxIujI jj*J qjSIqi Vj 

L^* gjla^ll Q^jl\ "' e ^jj^l^Ljail ) ^3 ^ a d^Ljudt • <j^aj]l ,: 


UJVIn > ov I JLaxJjujI AILujj A.4^Ld A*JaS 
jT—Jal 3*1 4Y£SA j& A^iLjll <£i£-a]l (JjjJjL 

L . 4 ^ Jxxll ^ ^ (jjjul ^ ^ jjC- ej'j (jLftAlyjl ^ 4 Jc- C'La^ill (jrf® A^V Ljj& Laj , # # 

4-JJ^lllj t***L^«k lil Lb Q^AA^kJ AxJjud J AjLq La AjLS ^ 4^V J^5u*V^ C ^Vlll gj Al 

AlUoij dLujj^ill AlojJaJ Lae- Aj^aSU CjLSlI ^ AjI jjl C5 1& 1 jjj£ tLJo 4"n^>V^ 4-jjjjfcll ^1J j 4**)% ViJ 

y£LsJ La ALa j*tL-e 11 Aj Lalj Aajkjjll ^j3 Aj Lai o^S CjjIjj (JjiLall f l jLu^j l^jc. Ax^jjll jjjuaftl d^uU^a Ig *■>»« i 

AjtiUajall 

. [!!] (ijJ^ll OjaI 1-1 


A-J^jualall L-jV^aj^V^ A^a^La (Jjl <j,a A*JaS 

Ja T — Jal j 4 1 41 ® ® OLflA^g 4 > *ntUo Aj^j-ouaII i_u£Jl ^L AlajJaik^a * j.I^aII 

AjS (jjjLII " ^uail (JSj (jUlWaj AaJAa j & j r^kuAAll ujV^a^Sfb ja]I (jjbLall ^jjauLaj Ajj ^j^_j 3I jlll ^joJ 

Jb-allj (JAmJI AjS jjaj Ajli jjAb-a^ 4_flli jl Ajxjuoa£ ^jjfr jl CjI jA aa 5 jl l . ^ J^^SHj Jal^j^ll£ ^.Ua Ajfij J^-al 

4 ji <1 ujV^>b**»Vb (JaxII ^ d^S 4 JJ OjIj yAAaJl Jj| jSij JJJU AjJ JJlI- jJA dUxA ^ jWujlull J ^-A.>e ^JOi! CjV J^lfc^Vlj 

Aj! c^llj Jl dleJ (^ill (jlj b J (jl£ 4 jl AxJ 4 _jV AxjJaj La jLa Jc- AaJax*jj 4 -jV Jax*)VI ^iaj ^jJ-ollaJ jAj J 

aS^I J (J>>ac. La l^J ^tjJajJ <jLaC-VI (j - ® AxaIa. SjJjuoJ Ajj J <11 ^jJoj J jI jli 3 t$*ij iblS Ia jUc. t jjj£ 3 Sjll 4_^ij 
U A \»\\ \ $jpuJi aJ ^jl LoA^I (jj^ >J Jc- djjsuJaJ ^j! 4 ll*lA ^jJaj 3 Ij^l jl ^ LI <^U£jJl S^lfr (j-a <jl£ Aj! Aj Jll AjjLoII 
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Aa.Jal 6^1jj Jjlj flju&lL djpuJaj (jl Jtfllj IgJB ilfi- j AjLuoIaII ja\ QA V] A£j.iJ V ^ill (jjll (J Ja JJ <J 

4-iLoA AB^ua jAj JJaLaJjVl l$da V) (JJ&i V ^Aji& ^j^-a L_»V JajuiVl J JJajj A-lajuJj 

Ul j^-a <_£^>a> Laj CjUjuiUaIIj SjJaxaII Jj AjLJallj AjIjaII jLjVIj (^^jujbIL ^uiaII Jbj A Aijjua Jttllj IfrLalJj 
ei^llklj l*j\£Jj Ujjjld Jl j*aJ UJ^IJll dil£j^ AB^aua (j-o CjUjJI AjI& JujuJ La ABjjL-a jAj ^ U-a j1j1ajJ^\j 
AjIc- (JaLuJ La» dUi JJG<j J^)*Jl J Uii i lA jj*a J L^JC-jjujj IJLLJj l$Salaiujlj j^jj l^L> jjAj lA J jau^a 

J ^rjLu t )1 Alfr J Jij tj& AlLaldV ^jLj^]I dili ^ a j> >i j j L-lV J ja L-Ajjxa aK liAj (J\3 dllaJ Jl 

*1>1 Jfi- Jald-all jA ^Lw' A \ 1 ejV JaJifl Jj S jS3l J jtjl (J^st-a 0 Jl.iJ AjC- Ja*all ^j*i»ul! <illili <j j& *^^11 
<> £ j^Jl *^Us AttlnL ^A ^rJa.M^i L-lV J^joiVI Jij tgjl^^j £j^Jl J^ £)* La (JjLall diall j I Q* 7 sj-li 

jJjL ji-VI Jj-a L)^ LaAJl^S j£j^a (Jjj La^lu lJlSIa lA jUaBl l_£La.I Jjj ^jIoiaII Jla Ax-Jall J JjLall tilliJl j 5£f^ll 
ULajuj AjuJaj jllklj ^ij v\y J ^jjlj^ati ® jiuaJ J (joii J jl jlfl lj jjlj jLaJjll A^^ ,j^a o Jll J jA j 

V Ail t ^juiJd^Ji (jlA^)jll ^lB ^Bj (JjLallj ^jiua-all O -0 AjJajJl ^^B La ^Ia*a^all (J -0 ^ia^all AjV 

(jjj j ^ ^LaJilll ^ QnL^Vi jll jjc. ^jic. A-LaJxjll AjjLui^JI (jLaC-bll ^jL>,J J (j£^aj 

L>a (>a J* ^j iLrfi Vl L>^ (3^ Jjj^a c filial La3]j l^ic- ^ Jc- ^LjajVi 

lAjS^a (jJjll Cujuj A-lalij ^bU Aj jl ja jjIjJ ^j-a AjI^JajLaj <*S)t jbjJ$\ (j^ajc- ^ jAUall l-iLbII ^ A^a ^juoL 
^ij c_jV^J ajujbfl <^j ^LaJall jB ^ Aj*^J grtiuiuH ^JauiAll ja ^ lA j^ij-a diillkl Lajlj Sj^ll ^ 

T^ajano^ t.k.4 yj£j ^B A^aL^nll ^jiajc, d^IaiLa] dll jiajLall JISjujI ^ a\\A.j LaA^ai djl jlaiLaj (Jji^xSL ^jiaJl 

^dajll dll^IajLall ^>Ac- jLaj^ll La Jj l^j\j^ UJ^ ^ J-daj Jj dll JajLall £*iaj Jjju 

^Jaud djjSlI -LiJk ^)AJ ^.^ Jj JtLll qZajC> UJ*^ dll Jaift-all jLadll Jj La Jj I^jL^ ^ ^ JjVI 

jIajJI ^1 ^LaVI W™lV JajaiVl Axl^a ^B ^ - jS-a-all d^Sk._j]l c-jLljILujI l^,Ima^l j JiLs* Jl j ^jjjS J]l ^j-U. .,1 Sj)£ll 

^ JjjJI «^a^l ^jj ^^ 

rcUSfl J 5 .1 jj : Jl Jj ^4jl :l U^i J 4 . JJJ J 13Sa 3 ‘ 3 . jUSLfil : J 2 . <1 Jdu a^LIIj cUSfl J Sjjl* <-K 1 

J ^ . (jj L^a Vl :lL-oV| J ^ ;lS*-°S/I J ** . AjJaAa SjSjl <LaKj iS^xaJl 0 Jj! J 2 . lL-a^)Jj JajoiS/lj iJ-^Vl J ^ . J^l jl 

J ^ ^ . UJ^J 3 J ^ 4 . t—l^ajud^j JjS-a J 13-13 ^ J ^ > J j^lfr 4-aiSJl dj& ^ . {jLajuiJl 

. [!] (^Ajj^l Ja^VI 4* 1 (J .la^l (^1 ^^*VI ^rj>rtll ;( - L- a Vl <J 1^-16 ^ jjinl.ii J^Vl 

JaJISjJI jV] ujV^ajoiV^ cJ-^l (J aJLujj qa AjtJaS ^ J 
Ja La y*a LI JjdLu-l Aijai^a ijJL^all 

CjSI Jll ^dal^a Ja A-alc- L t JLj La ^ Aj iibjj AiV c_j£l j&ll i^S l^La^jj AjjLjJ AJail CjV JsxujVI ^kJbul U^l... 

... JbUa]l IJaB 6 Jjj dllnaj JB S JJlS Ail Jjjj 

. J 2 . o':J*^Vi J 1 

(J^ jLual ^CjUIc Ja AjjSla UjV^ajuaVI <J Sijla ( ^ * ) 

j I j <1 AjjA (JjJali AjjAwa,^]! c_u£]l jL AJaJbi^a ^ ; j^L^all 

^ VV (j-a i) ® A^aSjx J^aJJ Aj^x^all L_jj£il jL A LjL>A a ^^_j 

IdA ^ ^uubj Ja ^ cJj^J (Jt'dAlIj t-j£l Jll jjjyo ^ Aj AjB JaJJ ^ jJ*J ^jja*jJIj ^^^jll ^iljA-a ^ C_lV JaxaVI 

Jauuu jja ^ Jla ^ ^iLuJl AjIc- ® Jj Aj ^L-a Lola ^ ^iLuJl Aolc- ^ ^jjJ^jj ® (J ^ ^uual jAj CjV 

^ AjB hj ^J*J ^ ^ c_jL a jLLuj ^ ^ AjjbajlilL A,L^nl L-j^x-a ^^jujjIb (JjBj ljV Jj i Ldali ljV aJ JjB Jxu»Vl ^ diA 
^ ^jj^aJl dlLaliLa Ja ^^^31 ^ ^ I *ag ^j^^a ej^sul a>Uall $jjl a \ LL^a ^j^juJI ^ Jb j^ajj ^ 4 -j£Ij£]I 

J 9 . s-> J lk* 3 ^ 8-8 . ^ j- ;cj J 7-7 . ^ V ;l J 6 . fuojj J 5 . :m J 4 . Jji J 3 . Ai ^Jj *j mj J 2 ‘ 2 . Ja^i :s-> J 1 

^jjuj (?) 4 j ;l J 15-15 e LaAlxja^ J 14 .4-ilSj ;i J 13-13 . J J 12 . ojLj^ :<—> Jj ‘‘-jL ®jLjj ;l J 11-11 . IjA ;c_j J 10 . JlSa ;cj J I 

. ClLaHall 
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dslbULa 3 * 4Sj&1a tgj] <Jldb ^3 Sbbld 

Jb \ OO Ab^x-Obll L-L&lt jib 1 A - j\^ A W 

^ dl^)b ^ IgbJUd! ^bjlbjbll 3J1 jA JldJ (je- (Jtib, Jill (jiJbb ftlbXbJ Abjlbjb 4 -aK 

^ i jb^bi i jits 3&JjVi $ibixii J ^ JjUSJ Ji (JC- J ^ Ublb fijliuJ ^ Abl AbjuujUll 3® ^b\$ UrfV^I SJ)ba> ^ [aJ] lb$Jj ^>ill 
^lb 4Jf ll / JUall Ub 3^ 2k ^ fc -^J jtflilfj JbUl t$ ^ UJ**Q^J IjP^ ^UaC> jj \jb Ig jlc- iJ ^C- Cj&^klL) cilMl Jlxa ^£* Sj£ 

Jj 6 ' ! J L_iV 1 IbA b^bl j £j£]| filial I ® A3 a A i>>^ 4J_jjtb aJ I-jV aJ <Jtdb ^jjl aJ (jl£j ^ ^ituill Able- 1 yjb^pj 

Abblb ipUall Abb JbJ bulbil^ ^jbwJi Abd Jj-a^ij ^j^I Jj^lj ^aVI 13 Able- £d_jd 4_J^ o_jja*«> (JbSd o^Isujj ^j-a (jlSd Abjl 

,<_£j^)Jabll tj ^ic- (jj ^jl^bll ^i 3 ^ jj^aUl (_£ jb^^ll dllbllb £JJU 

3 ^ . 1 jbab 3 ^ . J-aC- ;3-aS/l 3 ^ . <—ilj ®jl^ ;3-aVl 3 ^. d^^l V ^3j ^lajli 3 (j-aSU ^ ;3-°Sn 3 * 

. 3 9 * (\) aja :l 3 »Vi 3 8 . <* £ :J—<»Vl 3 7-7 . qjajj^ • J*-oVl 

^bJa L_3jb! QJ a! (JjL^aS (Jjojuj AjtJai (^ % ) 

VV (jbw) jbis C-Jjbl ^ ^b'Sb [ jJu^xJll 

Clult LyjUal (J^bixbJ (jWj ^ V-bjyll VtlliiibA. c _ J bXb 

^ Aa^. 1 LjbV^ajuiVI ci - ^ ^jll QA Abtiafl ( ^ ) 

JaVt ^ i G H ^ (jbjil AJajJabtb ] jbj^bll 

JatilU l|bjAb Cb3\£J djUU Abbj^bll JlbC-^0 (j-ub.uili (jl jbbj A-L^jjuj 3Ji j AbjljjJ A-aK (jj ... 

^1 jSll j 3 ^*^ j! ^ ui 

3l£lib ^Ijc-Vl Cblbij ujIjS Ajt.IaS (^) 

^ A® — ^ At 4 (^“^ »>l>bll t^^jjlb djA^) J^flabll ^j-aill ; 

^bAJ ^bV t # t f S T.-^vfll\ ^J&Lblt ^bV^]^>t)VI ^J.^lllb Cj^tbbll . , . ^JoCkll 3 AbA ^jojIaI! ^ji 

jAJ ubV^ajuoSfi Abjublt “ ^A obA Sbbbjb ^\b ^lS c_a1^I Ia bxbj Aib^bll ^Uall ^uJsj Alb^bli S_jaA|Jl 

3 } ^le- ^ l^auJaj AblLuij ^ ^lj>ll (^Jfj^lb 3? uW^ L>? jtbJij£ JlS Aijjxbll 5JV^ 

(Jib AjISb 3^1 jbll yl Jy4 ^ ^ajuji UbV 3 ) cJj^u ^ebUbbll ybaau Cbxbjuoj ^jobjuoli 3 ^ j^b Ublbstb Ab^UjJ AbK I 

Ajtb ^JS Ajt Al AxjJaj L-Ujb 3 ^J ^-laju^bli ^ jjbUnj A*jJaj 3 * (Jjf cj) J <^bl^ JajhAll SjUji ^jbb^olt 

3 ! 3jbAJ*b jJalb^)ll ^e, C-blbji 3l£j AbbA L 5 Ic- t^a^ t Aa Abb lb Utilbfl Abb Ub£l j jA j Ab^Ia Sj£ 

^Jajoill ^ f^bbJJ Ah! ^le- Sjjjuall iillb Jc- jjbjbbllaj dlj Ibid ttl^lflVl AbbA Jc- ^>> 1 ^ ^ V) V ojjj^II obA 

IbA 3 ! ^1 3^bAbbli 3b bJ ^bbAl Ibj Abll 3f^ ^bV^ajuVI ^jJajd Sj£il 3 ® lb Abb (Jj^ab Sjjlb 1 At^i UJ^dJ 

^Joi^lall 3 bll L_Ajjuj ^Cbjuoll JailLbi 3 ! J) UbV^ajbVIj SjSll (Jl-bxlujl ^^Ic- I Jbbjuib J jj Aj -^' 4^ J-^' 

3jS]l (jA b^^Sbll ^uJab 3 ^ AjJblb^ll 3 ® Abkbbj ^AJ blil ^jbijb 3 3*^^ (Jl-^ "Cbbill Ab^3 ^d jj^bbll 

JUS AtbJ«]i AaJj^ali ^Jb^ll IbA LlaaJ bd 3^J AbbbJ aILw- j aJ (JUe-j L^xll oLojujj Aaubajd l*i% ^d mV >-Sn j 

AbbA j jj^bbll 3bll 

Ud>lt Ajj^ >b AjjuJ^jI jl Abb^aLb aJLujj 3 ^ AxJad ( ^ V) 

j j il ilUl UiUjb Abj^bll ubb£jl jib AJajlnAb ; jbj^xJl 
L ajaAlW ^31 bsu lb c i,h ^^>ill Cblb jbVI [!] cJj^V^laxjji Abjlbjj A^olS j UbV^ajui^l ... 
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^xiAtyj) J Vl AJUay qa AxJ aB ( ) £ ) 

Ja^ j O 4 Y A & Lum y]j£ s^SyjJjJi AJajiv^a ; y«L-a-a]i 

dUx_« y] yJaxj JlSy Jl] CjV ia^lj AjlUI J yJa**il yV C-jSj£ll ^Uiiyl ixt A-uUjJlj oUxaj [J] 1 -jVyhhnVl ... 

yjjyLalJaJ Jl L-Jj^na yA j c_j£y£il yl yl* 


^jU£ll Ac-Iaa. jV C-jVylajuiV^ (J*-^ <J L-lUlVI <ja AxJaB (^ ^) 

Ja ^ y 4 ^ 4 ^ < ( ^J L ** ^ '**■ A AjyjuaAll c_n£il yli ^JajlnA a [yy^xall 

yyajy yxAuill yl jia oU xa (JjBj *j> ‘Jl yjAjLa AjjU lyJL oUxa ^axc Jail cjV ykJtfl ujVJ aJtfl -fail J~ JjVl mWII ... 
l_jV Ja*»il CJyC ^yxill Sly* dllx-ay olyall yA ^ (jJVj (*> y^ ylajuily ^ yyiVjajmVI a 1*J (Jlfly ^ n-Jly yLyJlj 

y*a dlixA (jliLlli ^jyjt AjV AjIc ^ .Iaixj ili ^ Aal] i ilxJaa yjax*) ylajuily (Jay ^juJ L-jV yl j (JjS LsJj 

.Iixj Ajjyxll 

. c y~ V J :lUVi J 3 - 3 . ujSV :cUSn J 2 . (!) a:J-Vl J 1 


^^juijlilt Jc. ^v (JaxJL ^kil Cjlilyt ^£yi ^j^aliLa Aa^Aa <yA AxJaB ( ^ ^ ) 

Ja Y (3 4 'I 4 Y Cj\llA aJ yl Ajj^a'I cju£il yli AJayk>d ; j^juoaII 

dUxAd SI Jl ^Jwil (JjiSj ylyjl UjVj yjWLuJl ^Jdl jJaJj ^iUjJ L_lS^(a ^Judl L-lV J^jyj! A-lAjuilll ^ JjVl Jibuti .,. 
SJ^Jl ^liij j.k,J J jjc. J l^J JaiUSt Aic c- aK ^ A ti ^ AjJJ l^LJxaII ^J^i 3 yjjjaj ij y^xjuJl Si j^a jl yjAAxtJl yl jx^ 

aIV^ Laic- ylAjuaVI ^j^>^q jU-afl AiVi Jc ^^LuJl AjIc yjjJjj) yjl jAj CjV l^laC jJojuj £a^> 

L-JjVl AjI^J cjUS AjtJaS ( ^ V) 
ftL^l Y *i p& \ Jail 


^^ail c_jV yiajujV^ AiLuiy AjtJaB ^ ^ A J 

Ja y tY^4^TAV juli (J^Ajlluil AJajfiiA^ |y 

(jLoC-^n y^ yj^ 5iyx-a J) l^J (J 1 ^J^J Ai'i jA AloaJLj yjMj^Ii yiyxa Ail; Iglo ^|J AajUjJ AJa&l ^A j ... 

^La CJySlj y^yia (J^x* _ dy^ILalt AjyxoaJi yjc y^ A jaj\im\I Aj^y^’Jl 


(JL-fliy^I lyNfyL^Aft; ^oxi) uj^Uoll Aic AxJaB ( ^ ^ ) 

j ^ * y^Y^^VAV J^jli Jyjjljuaii AJaji^A^ ;y,^^>^\l 

l^j ^aj uoi ylauaiVi 6^A yJaxii ci>J 4-*^ Lai j yjaAjuJl ylyLa Aj! l^la A-iLjJ aJxaI c_iV yJajyjVl La! . # . 

i^La L-jySij JfcO^ 3 jLafrVI y-a Aiyx^a Jl l^j Jx-oyJJ 5Jl yA aJaJLj L_iVjajujl 


JjlaJi yW^^ UjV^ajujV^J 4 J AjLuoy (Jyl y)A AjJaB (Y * ) 

Ja*lO (3 40r fi lV jcjli <JyjjHi.nl AJayiaaA |yixxXAll 
l^jlya yl IgjlyLa (JjS j p yaiJl yAiLa dUxA ^^axC-I Jail C-jVyHujVI ... 

(Jyg'sa L_iiy^ ^ySVl L-lV^ajujV^ ^ AiLujy {JA Axial (Y ) ) 

Ja Y ) V y 4 ) t O f Aj^ala. (JyjjLL-ul AJayJai^a ) yixAL<ail 

yjoAjull ylyxa (Jjly ^yaill oly-a ^ lAyjiti^l AjaxC-I AJaftl t-iVyia^Sfl ... 
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ti 


: jl j-LaJl SU^ ja AxJad ( ^ ^ ) 

rt jtsi 

jj jAfill jj-lll ,Wa\ fjx jalfill ja UjV jC- (Y V) 

f3Ul 4$lJl c_jLj 4 ft Ail Aj^*-aa]l 4_u£il ^jl.} AJa^laifc.4 (I - s+*\\ 

j ^ j 4 ) AjjA (JjJali 4j U3S1I jb 

^ AiL-bVI Cjc- jjj 1^* j* <—aV^ajoji JjSfl LLoia, \$jlr- ^ l j3a*J jl ajuj * ci>J f^l * ujUlj 

frUall ^Jc, jjbjill 4 -jV jkn-iVlj Aij*a 

. ^1 j±Jy\ :l_j 3 .1^ 2 . d*jj (?) AJjSL : i ^ 1-1 


^juj jiall jj-lll l_jLs CLluUJ AlLaj ^Ac. ^ ja c_jV jk-Vl <^4*La (Y£) 

Ja £ (3 tX iV^A aW a ilmlia Ai^y — CJjSlI j\± Ala jbAa ■ j M ■ -a ali 

J n j 4 X 4 T AjjA-cauAl L-L^Il jlj 4 It jk^A ^4_J 

j S j 4 £ £ V £ ^jjo Aj^j^all 4 __u£J| ^1J AJa^ 

A£ Cx wjI oJjjI ^ ^JA. 4. ftiiUail L5 jJaxJ Jj jUJaIj£ (Jjy jL-aJ I jjl '' w <j Cud j-UaJ L-jV jJajuol (J*-al CliJ 


jpj ^ JjJ CAjSI 4-jVj ^ Ciuijjl ^Jajd A£ .ijt jLa£ ^^jjubxj ^ A£ * ** ^ *1 ^ * j jlj 3 Cud l-jUsI 4 jl < < _ 5 -i*-a 


jlj ~ C-Lutfl L_iUd 

^ ej£lj£ Add jl ^ la aJ Cud ^ jbui\ jUjJ ^ Cut] jl (Jj^al A£ Cud ^ ^1 l jjj\ >® 

c-jVj CiM)t c flju.^1 jJajoii A£ OjiAjfl^ C5 jJaxjj JuU^jS jjjaij l_jIj ^ djlluJ ^ IjjI AjJI ^jjIj 1 J-u^&pjij 

A£ Ciujl ^ jSj jj^aj jl ^CiLaDLa ^jLij dluijl ^ ^AajujJ a£ ^ luiil ^J^a. (jji-ojA 

jJj li* ^Jax*) j>o A£ JjS (JIjjuj jjl >>i ^-ujj ^jlua-a ^Jajua Ij ^ ^ 

' ' # L^jlsuji I ^ I Jjl 4 > \Ua jjJUj C-jV 6 ^>Jax*J dliS 


(j-aSU . Ca^il J jl JJ :s_j ^ . C^l ^ jl J ^‘CLi^Uoi jl J ;l ^ " . J j> JP ^ -C ^ . (J-^J ^ ^ 

. f <#* 12 " 12 . t** 11 . a*^ :^j yj'^ 10 . ;^j I ^ 9 . (?)jji ^ :s-> ^ 8 . £j 1 ^ 

. jj' :Sr> i£* 19 . £J M ^ O-aSU 18 ‘ 18 . dJjjl :^J i ^ 17 . ^ J 1 ^ oaSU 16 . 4-J j i ifk oaSU 15 . o jUa*i ^ 14 . I jjl >_» ^ 13 


A a\ I AjaALllI dll^j tgjj JISj UJ^f^lr>A^iVI d^jli 

j V j 4^°^ AjdLja] 4 -uLLj^jjII Ajj£a 11 jAil A UjUa a • 

J&J ^ [?] .,. U^Uaua AjjUjJ A-aK jpUll cJuidkJj ^oaJij ^Xolt jui^l ^ A ll 4_j\jlS 4 i \>AiU ^jfi_jlU]l ^jjaUni Lq! oA^li 

AaSS CjVjJa^Sfl jl ^„\j>ll ^^juoU jJ jUl jj ^ ^Uall aj Sj-a^Jl ^a4J CjVjln^Vl (JaC- jx (Jjl 

4 mall A 9ill ja A I ^ AjjUjJU < jaaJoll ^juj! 4_jV jl ^La^aJl (jJa*J (Jlij ^jaajull jl jja UbUx^a A-ljUjJ 

. cMi^l :d-aVl ^ 3 . (!) jA : Jj-aVl ^ 2 . O^l^Sl 1-1 


jy^ll v ilg ui\ j)-o LaJ9 (ja cjV 4j*Ja3 

Ja V® j 4T * AjJ (Jj^li Aj^t^all 4-JJ^Jl jl^ AJajJaa^a * jJu^aall 

JJC. Jalili l^SSJ Aalaj j Ajjla 5JI ^Aj 6jl^^>]all j c_jV jJa*-al clifljll l$J L_fl^)*J ^lll ClVVIJ 4-jVjh^! 

... S-»jVl Ajl^i (j* * 


A qjIa. jjjilall L qa Aji-LS (Y V) 
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) * V —\ * 1 ja c- 4^1 ^ i \ ^tc. JjijtLuil y^ill ; 

J*J L 5 ic- A-UyaJll yy*Vl ya yi& A3yju* J) Igj (Jj^jll dJj£x-a aJT jLaxJuujI Aye- AjS 4*t^U ^aJb- yA 4_lVylajujSM ^lc* 
luJay A-aAj£ yfr jl (illj yiC- j ^ 5 Lll yayC-j ALS]t j ^JUsall Aiyxxj yiAuill ^UujtS <^3 ylf* iikLa j yjyla 

(Ja-oV- 4 , 5 ^ (_)<a»*Unj Jj yLuJlj l^L^al uiljjj <*a!£ LJ^ylaj^ly >a La£ All jy3 ya yA y Ajj£ ^3 y!L La ^le- AJ^I 

L^j AjjUjjIU Al JlLy AjuoLjjLay Slya (Jj 3y yLajuiSl ylyLa lAUx*a JUL J 2 -, /I yAj eUall yiyA. c# i 4 jV bL*^ Jou 33y 

Sy£ yj^JJ 1 yjl£ (Jll yV^ y] ^ya*ii! ^lc> yajyj tilli yay Si yalf yA yjiVj ill yA yla*^ly yydVylaMal 

yl£y ^LuJt AjIc- yuyj] <3*0 45 I] $ l*>*ti IgJ mrt J yl^ill l$J yyAjudby yjlj^ll \$jl& yyajujyjy (Jlxa 

(JjSa fiyJajuj ya <Jl3y <Jifci3 AjJ J] CaL-ojS aJV^ &^A Ji*jly SySLll lit art Ai$$ll ^ A3yx-a a!j 4_>V ^-ajuoJ yjt yjy^V 
JlyJ tily^* ljU ayllujl ya 4_jyx-a ymyli (JjSj (jriky ^juj! l_sVj ylajui ylajuJ (Jj3y ^jujVI liA AjIc- £3ijl 4-jVyl^jyj 

yA A^yll ^ylxll ^j2LLa ^j 4 —ij jail yjj* n V) <jy3 1 Ag n 1 yjJ Aj^f ^1 W-Jjllj 1JA ^ >>wj Jli cjSI jSlI 

A4u^ia 11 Cnjl^l y-aj ^jlyilH 4 1 n yj ^dAlyj) ^ aIaC- y-a <Jj^J yjJjJ-alSaJ AxjJsj y^a <Jj! JjSIj JjV^ 

yjC-V^ J A>^)j ytUll 

4j£M! diVVI aJLuj j y^ct A »li^ V A| 

Ja ^ y 4 VT^ ^j-aJS ylji 4JajJhiLa j^Lw^al! 

Ja ^ j tV * Ajyx^a^Jl L-uSlI y)j AlajlnA a ^uj 

£hji\J AjJIL^Ij Ailijylij ^j±l\j ljV jl^VlS • Jt\ 5 ^ Aj^UJl ovvi a^UJI ASljuSi ... 

Jj Ajjj utLa Aijyjuj All >A j ejVy^joiV^ ^-uiy j j i L-lUli ejt j. d^fr a!AL*U j Ai^^a yj-allj lijAlU aIax,Tuu a!I 

yja*J ^j yuAii yla*al y! yla l^lj ya^utll ylyl^ dUx^a yl AiujLuiaJ y-axJ yLui^S ^ 

^C-jj Ljjb djUua A-Lujjlill y-a dya& ^ [a 1] Sly* cf! ^ yj4V^>Ja*jii l^ajoil ylajyll c fljil t^il 

^ AjyjyaJl cliLalLttli ^yL^ ^ ^ La£ y^ayA yji yAj UjVyiajuV^ ^ L_sVJ *■ fijn^il ylajuil yl */>» j 

jA JjAJj iiA ylaxa ya cjj^j cJ^ 1 ^Jajuj ^ Aj^Ull ylj^ll ^ ^jujj Lai L-lV yj (Jla Ail ^ t^ 4 !^ y-<aj yc- 

S-lVylajuiVL dyaju) ^-^Ij ^ t_iV dylsua ^ AjIySb <^3 

f - ;<—} aliLaHalt ^ jluj A ^ 4-4 . 6^cJ V ^sdj ia&iLo yiajU yaSL ^ . yjSVyJa^^ j 1 ^ ^ ^jjt ;c_J ^ 

UjVyLjai ;l . ya ^jujj ;a_i ^ ^ . I yaSL ^ p Ajj^yall CsLaIIaII 

^j\£yll yLauuij Ig j\q (3^ JJg C_ftlyol ^ AiLuiyl A jto\% (Y ^ ) 

ia 1 y 4 1 4 1 4**mill Ajy^all cjj£ 11 jlj AjajliA^a (I ; jjU^all 

Ja 1 t y 4 1 4 VAt AjSyll Ajy-a-all c-U^ll jljs Alayla^a 
Ja y4t4TA££ 4^1 Ajy^all ujj£1! AJajliA^ ^ 

yaaull yla A-aJ yaj yuu!lSi ylj4x o\axa A k\W >ya*J ^3 jUJaj£ (JlSj jL^lb yaault j yjjuallj Cj'iyla** ; : ; '\ 

yLyJ AjJ ^ yA ^ yL^Jy 4 fljil »A\ yaxJ yi-ajuall ^ 5 -ixAJ ^IjIIj (jly^li is^*^ Alaal ya Ajlj£ yj 

^ yu>yA ^1 j £u*ti\ L-JVj 4 AjUrfilll y*-AJ ylajyjl ^jJaxJ Jlij 4 _j£1 jS^I Jla^l j <Jl3 ^jJaxjy 4-j£ly^ll dlya §Usu ' yy3 Vylajuit 
^ y-ajll yC- yyjyaJl cllLalLa J^yLui (Jij yyj^allii Afi-yl^l ya (Jj! (JjSj C-jVyl^V^ p y^^ y® 

4 T jVyl^*jJ cJj 3 A-aS ya j 4_iV Ajlya* ^^3 Jj 3 IjlA ylajai ya ^ yi-ayA Jl3 jLaa ^ yl^J^ yi-ayA Jj 4 -jV y Lai 

^ ^jl£yll yauujj yoaylall ^ yjx^iill AjjyjyUll AiLoiylS ^ yujylall ^yJa ^ y^i La l^A 

4 ^ 7 . ^ 6 . :^; ^ 5 • 4 ^**^ ‘-£j saj ^ ^ 4 • oa^j* ^ 3 . -£j aaj 14 ^ 2 . u^j ^ 1 

. 4 ^jl' :^j ^ 4^j 4 ^ 9 . ^ 8 • 

AlLuayll ^ykl A-LuaL^ 

Ja 1 y 4 1 ^ V 4“i\ij^a Ajy^all 4 t ,\1fSll yb Ajaylaa^a [ 
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AiL-CXa (J JiAjk jlj CjjVJ ciluAl ^JajJ <JjAAjuJ| ^ jLlujj£ <Jl3J (JildJJl (jlJjU &Ux-a LjjV^>Jajuji 


(^gjuAill JUxl c_j 13 S (ji-alA ^ (^ * ) 

Ja ^ (j VI l £ Ajjj-ca>Jl ujjSJI jb AlaijJa^k-a 

AjlL (Jj&ajuU ^uuil jl>al2 jJajhJ yuAUulli (jl^ua alix^aj ^Uall ^u-bj S_j^|Jl ^jiiu 

Alj^fi A AjuJaj ^B Alj ^ J J ^ ^Uallj $Ull (jlfLuiJ j ^5Ulj eUll £&£ AxjJaj qa (j j\j (jUjjll 

AJC* ^JJ C^V^)ia^Vt ^JuAill Jj£. A-a jikla (J-® CjV^)3n*oVt Ax InA (V ^ J 

^jjAa^, Jj fSUl 

) * — A <j-a 4 ^ V AjJaUj Aj^)j>^a 11 L_ii5Lll jb AlajInAa m m jJ*-a-all 

ib.L& C-JjBlj Jy^jja (J^juiI (jr lfr AjlajLuII A Jla * jaJil! J^Vi (3* Aij*- 4 Jj (J 1 J*" aJ> jA ClAuall . jjf (Jll 

^AJjCr UbLkx^aj Aja^cJ A^alS (JaB AJialj Sjjb £Jjj Aj^lSJalij A_Jl£_j^]l (jjL^Jlx^ll ^ dlV^ ^ ^ij C5^ AIjBJ 

cjV aLoI JjBj f i X-s. ll ^q^Lq AJV^ &BlA ^ jjiwal ^juiI <JjBj AajUjjIlj t ^llill ^xuil ujV (JuBj j> ^j>\ll ^LLa (JjB 

jaJl diaaa JjB La ^jlc- A lanital AjV fiLuJl Adlc. (jiUjjj Aj jl^allj ^IxaII ^AJic- <^Aj e_>l AHailj jaJl 
c_j£^)a j|J filial 1 ^)layuJ Aad ^xJ _jiaAa j*Ay jisux 1 (j£ is^J ^3^^^ A^3k $ jj\ y a\ 

jJJjaJl qa (JS jL\ jujJj AiU-b^lj Jl yjj £*4aJb JjAiaII 4xS ^JaliLaJ Aj 3 c_fl^)*Jj aJ^U LawjI (Ji3 ^LJaj 

j^AXjll J V) lg-4^ jSia A^^AjJa^a V] ( A 1^-x-At.nJ Vj A^jlLa jia^! Sj^4 <jj£j ^j! Aj£V 

^ AjJuoi (jij ^Jajuda^all 4.^ l^\ k*\ AxjJa j Jj! ^jl t>® Ac-boa, C5 £aj (j-a Ail ^^Ic- Ljajl Ajfl jjS^all 

C_jbjl Cul£J ujVjla^Vt AjjA ^jc. OLa ALb 4 l^Juuui^S Ala CTIi^mA j jAj Aj^lfl ojS ^ Ax-a Cijl£ Ail AxjJaj 

^^3 Aj! ^Jc> (illj dl^j Lalfi iillall (JSoji t _ 5 lc- c?3^ V d^A ^jlj JjiSiu AjJab^ll 

^ Jjj^aLall ^yjbj Ail Jj ^fr.La £±$J ^1 y^Jabjll ^j^a> AxjJajJ ^jJa jk dj£ll ALa Jj-aaJj ^In>till 

uj 'ijkxJ 1 qm ^jajJxaI) ( x-Ja ji ^jjoJjj Qp]! jLa£ ^cLui ^jud^lali ^jjJl ^jill j^Ja <a5 JA. JaaJl ^k L-J^jlxw ;, I 

Jal nnaVI j (juijjj (jjl yj^ll (jLa£ l^Ju-oll XjJaljJl ^jiaxj ^jui JB yl£j Jai. oj£llj 

... 

. blal J icUVl ^ 4 . [!] :ci-V) ^ 3 . [Ij^A] QJAuUjjll :c UVi ^ 2 ' 2 . ^Sl ^3 1 


^jUj ^jJalx^ll ( 3)^ AjJaS 

Ja£^j|4jrV*^£ AjjAK^Sfl AJaBl^a Ai*S< Aiajlai^a ) ^)Juuay<alt 

L_J^)ilj ^jj^la C-J^bI (jic- Aj^ajlxdl A-baj)^ ill AB^ua ^i] Igj All dil^ll JlB j t # # 

jlijjaJl dba. AlV^ d^Ub lnjUm<a\ ^jud! AjjU jolb <^11 b11 ^juj! c_jV (JjBj dLlx^a A^ajudtj AiLa 

LJtVj (jljxall ^ujI jlawaji (jV (jMXnvft <jljo-a dUx^a ^Uall ^Abj Qjfijmj d^a^ll L-jV^lxiuit ^jiaAll A^lxll 

... t'gk UbUuSa Ajli^C- AjmoB AxjJaj ^ua Alj AxjJaj ^j-a Jj!j jjUjJi (jljaiL ^jjd-ajuoll 

Lwab Aa^V jIa^aSI (jiaU_j <.^1*1^ Ax In A ^ W J 

XV A 4 jUi-a ^jJaljj | jAx^ali 

fj*. S-^ Cf ixAJ jlajujl QinnlV ^ C-jSj^a Jafll L-jV^>i^V^ Alaal £* jJjj cjV J^oiV^ ^B AuaujU SAaj 

(Jill i ajaAl (JjAj k ^ l^LaxiujI j L-jV^ln^til AjllMl A ^aKlt C*i4A JB f, ATkAflA^a jl A^^l ^ ix^aj j (Jf jLcujj 

CtbLuiaJl l^jlajul^J (j£«aJ *jj* -^ ^1 jll ^^Ifr AjjLajuJl SjSl! AjjA ^jJajoJ djU& ^9Aj V ba£ jAj ^.jJJ^f^lajuii 

(j-a (^^It A-jjJj^jujVb (jjjlc. ^ill ^jjjjJxllaJ jA l^j (JilAlj aI^I oBA (j-a AjjLajyJl ^l^a.Vb ASlxial! 

... BnbJi 
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Selected late Islamic astrolabes 


a) An astrolabe made by the Yemeni Sultan al-Ashraf 

b) Some astronomical instruments from medieval Syria 

c) A monumental astrolabe for the Ayyubid Sultan al-Mu c azzam 

d) An astrolabe for the Sultan Ulugh Beg 

e) Two astrolabes for the Ottoman Sultan Bayezit II 

f) Brief remarks on astronomical instruments from Muslim India 

g) A universal astrolabe from 17 th -century Lahore 




Part XlVa 

An astrolabe made by 
the Yemeni Sultan al-Ashraf 




Dedicated to Owen Gingerich in 1985 




DEDICATION, 
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This paper is dedicated to Professor Owen Gingerich of Harvard University and the Harvard- 
Smithsonian Center for Astrophysics as a small token of my appreciation. In 1971, when George 
Saliba and I were both studying with Professor E. S. Kennedy at the American University of 
Beirut, Owen Gingerich introduced these “terrible twins” to the delights of medieval astrolabes 
and modem computers. From our first encounter with some photos of various astrolabes 
attributed to c Abd al-A’imma that Owen had collected, we were able to distinguish between 
the real ones and the fake ones, and a joint paper ensued (listed under Gingerich & King & 
Saliba). After Owen had shown us the basics of Fortran, there was no looking back for either 
of us, and we were soon in the happy position of being able to generate tables of all sorts of 
functions tabulated by medieval astronomers. Thereafter, Owen played a major role in 
establishing, and obtaining continued support for, the Smithsonian Institution Project in 
Medieval Islamic Astronomy, based at the American Research Center in Egypt from 1972 to 
1979. Had it not been for the privilege afforded me of using Cairo as a base during that period, 
the first volume of these studies of mine would never have been written. 

It is a pleasure to thank the authorities of the Metropolitan Museum of Art in New York, 
the Institut du Monde Arabe in Paris, and the Egyptian National Library in Cairo for permission 
to publish photographs of instruments and manuscripts in their collections. 

This study was first published as “The Medieval Yemeni Astrolabe in the Metropolitan 
Museum of Art in New York City”, in Zeitschrift fur Geschichte der arabisch-islamischen 
Wissenschaften (Frankfurt am Main) 2 (1985), pp. 99-122, with addenda and corrigenda ibid., 
4 (1987/88), pp. 268-269, repr. in Islamic Astronomical Instruments, London: Variomm, 1987, 
repr. Aldershot: Variomm, 1995, II. In this version I have updated the references and provided 
numerous cross-references to other studies. An unauthorized Arabic translation of my text, with 
the ijazas printed from my photos of the Cairo manuscript, but without any illustrations of the 
New York astrolabe (!), was published in Dirasat fi ta’rikh al-Yaman al-islaml, Sanaa: The 
American Institute for Yemeni Studies, 2002, pp. 164-189. 

I have included as Appendix A descriptions of another medieval Yemeni astrolabe preserved 
in the Institut du Monde Arabe in Paris and of a Maghribi astrolabe made for use in the Yemen. 
I express my gratitude to Mme. Jeanne Moulierac, formerly of the Institut du Monde Arabe 
for her collaboration over many years, and to Mr. Will Andrewes, formerly of the Collection 
of Historical Scientific Instruments at Harvard University, for his assistance during my visit 
in 1993. 

Appendix B contains an overview of new information on the history of astronomy in the 
Yemen to supplement my Mathematical Astronomy in Medieval Yemen (1983). This overview 
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appeared in the form of an essay review entitled “Notes on Yemeni Astronomy in the Rasulid 
Period” of a facsimile edition of the Anthology of the Rasulid Sultan al-Afdal {The Manuscript 
of al-Malik al-Afdal al- Abbas b. c All b. Daud b. Yusuf b. c Umar b. ‘All ibn Rasul—A Medieval 
Anthology from the Yemen, edited with an introduction by Daniel Martin Varisco and G. Rex 
Smith, Aris & Phillips Ltd, Warminster, Wiltshire, U.K., for the E. J. W. Gibb Memorial Trust, 
1998), which was published in Yemeni Update 44 (2002), available on the Internet at www. 
aiys.org/webdate/afdking.html. 
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1 Introductory remarks 

In the Metropolitan Museum of Art in New York City there is preserved an astrolabe 1 made 
in the late 13 th century by a prince of the Rasulid dynasty: see Figs. 2.1-4. 2 The maker was 
al-Ashraf c Umar, son of the Sultan al-Muzaffar Yusuf, and the instrument is dated 690 Hijra, 
that is, 1291, so that it was made shortly before al-Ashraf became Sultan of the Yemen for 
the brief period 1295-96. 3 

al-Ashraf s astrolabe did not fare too well in the hundred or so years after it was acquired 
by the Museum in 1891. Harrold E. Gillingham, who wrote on instruments in popular art 
journals, described it in 1924 as Persian. 4 It was described in four lines and the front was 
illustrated in Robert T. Gunther’s Astrolabes of the World (1932), and Gunther, on the advice 
of Gillingham, who must have seen the light, wrote that: 

“Though the greater part of metal-work with silver inlaid decorations, bearing the 
names of the Rasulid Sultans, was probably made in Egypt, this astrolabe, with its 
simple decoration, is probably a local product of Yemen.” 5 
In the 1960s, the distinguished historian of science, Derek J. de Solla Price, then involved in 
preparing a checklist of surviving astrolabes, communicated to the Metropolitan Museum his 
(unfortunate) opinion that this instrument was a 19 th -century fake. 6 7 Perhaps it was such a 
consideration that led to the omission of this astrolabe from the 1972 publication Islamic Art 
in the Metropolitan Museum of Art. 1 Now once an artefact has been dubbed in any way 
suspicious, it never recovers. So in 1982, when the astrolabe was exhibited in Berlin along 
with other pieces from the Met, some very clever art-historian could not resist putting the word 
“probably” before the provenance “Yemen” at the head of a brief description by myself. 8 In 


1 The instrument discussed in this study (#109 and #3549) is numbered 91.1.535 in the Museum’s collection. 
It belonged to the bequest of Edward C. Moore, 1891, and its earlier provenance seems to be unknown. It is listed 
in Dimand, “Islamic Art at the Metropolitan Museum of Art” (1928), p. 107, no. 8, fig. 8, and in Mayer, Islamic 
Astrolabists , pp. 83-84. See also Price et al ., Astrolabe Checklist , no. 3549; Berlin MMA 1982 Exhibition 
Catalogue , pp. 146-147 (no. 56), and Brieux & Maddison, Repertoire (forthcoming). 

2 On the Rasulid dynasty, see the article “Rasulids” in EI 2 by G. Rex Smith, and the basic details in Bosworth, 
Islamic Dynasties , 2nd edn., pp. 108-109. The vicissitudes of their reign are recorded by al-Khazrajl. On the city 
of Sanaa and its history, see Lewcock & Serjeant, eds., Sana'a. 

3 On al-Ashraf and his works, see al-Khazrajl, The Pearl Strings , text, I, pp. 284-298, and trans., I, pp. 236- 
246 (no scientific activities are mentioned!); Suter, MAA , no. 394; Brockelmann, GAL , I, p. 650, and SI, p. 901; 
Azzawi, History of Astronomy in Iraq , pp. 233-234; Sayyid, Sources de I’histoire du Yemen , pp. 131-132; al- 
Hibshi, Masadir al-fikr al- c arabi al-Islami fi \l-Yaman , pp. 555-557; Ullmann, Die Natur- und Geheimwissen- 
schaften im Islam , p. 342; and King, Astronomy in Yemen , pp. 27-29. 

4 Gillingham, “Pocket Sun-Dials”, p. 3 (illustration of the front with the caption: “Persian Astrolabe, circa 
Thirteenth Century”). See also n. 6 below. 

5 Gunther, Astrolabes , I, p. 243 (no. 109), and plate LVI after p. 238. 

6 The maker’s name is omitted from Price et al ., Astrolabe Checklist , p. 12, under #109, where it is said to 
belong to the Collection of David Wheatland, Cambridge, Mass., but is given as “ c Umar” under #3549 on p. 28, 
where it is listed under the holdings of the Met. In both entries the date is given as 695 H. Gillingham (see n. 
4 above) had access to Wheatland’s collection before the two men had a falling out. 

7 Listed under Ettinghausen et al. 

8 Berlin MMA 1982 Exhibition Catalogue , pp. 146-147 (no. 56). My description is not so brief that it was 
not clear that this very Yemeni astrolabe serving a series of latitudes in the Yemen was actually mentioned in 
a contemporaneous Yemeni manuscript penned by a Yemeni astronomer who was the teacher of the Yemeni sultan 
who made it in the Yemen. 
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any case, before 1985, when the first version of this study was published, the astrolabe had 
never been properly investigated, and alone a detailed description would have been of interest. 
However, there is a great deal more that can be said about this instrument than mere descriptive 
details. 

There was considerable interest in mathematical astronomy in the Yemen from the 10 th to 
the 19 th century. This tradition is attested to in over 100 Yemeni astronomical manuscripts, 
preserved in various libraries around the world, which were first identified and surveyed about 
20 years ago. 9 Amongst the various astronomers of the medieval Yemen were several sultans 
of the Rasulid dynasty. However, al-Ashraf was the only one of these who compiled extensive, 
substantial and original treatises on the subject, namely, one on instruments, and another on 
mathematical astrology. 

al-Ashraf s treatise on instruments survives in a precious manuscript in Cairo, which is 
perhaps written in the hand of the Sultan himself. It deals mainly with the construction of the 
astrolabe and the horizontal sundial, and concludes with a section on the use of the magnetic 
compass that is of particular historical interest. 

al-Ashraf s discussion of the astrolabe is unique of its genre, in that it contains tables for 
constructing astrolabe plates computed for specific latitudes in the Yemen and the Hejaz. Such 
tables were first compiled in the 9 th century, and they were widely used at least in Egypt, Syria 
and the Yemen until the 19 th century. The latitudes for which al-Ashraf presents tables for 
constructing astrolabe plates are precisely those for which his plates are constructed, which 
thus affords us a unique example of an astrolabe known to have been constructed using tables. 
Before this tradition of astrolabe tables was discovered, it was thought that Muslim astrolabists 
used only geometrical construction to draw the curves on astrolabe plates. 10 

Of still greater interest to our study are some notes appended to al-Ashraf s copy of his book 
on the astrolabe, written by two of his teachers. These describe, in the most laudatory terms, 
the various astrolabes made by the Sultan, one of which can be identified as the astrolabe now 
preserved in New York. None of the others is known to have survived. It is rare indeed that 
we find references in the medieval scientific literature to specific instruments, let alone to 
instruments that survive to this day. It is my hope that a detailed examination of the Sultan 
al-Ashraf s astrolabe, a preliminary investigation of his writings on the astrolabe, as well as 
an examination of the remarks of his teachers concerning the various astrolabes that he made, 
which is our present purpose, will serve: 

(1) to give due prominence to a precious medieval artefact, hitherto thought to be of little 
consequence, and to illustrate the means by which it was constructed; and 

(2) to revive the memory of a royal patron of astronomy from medieval Yemen, long forgotten 
as such even in his own land. * 11 


9 See King, Astronomy in Yemen, for details of this tradition, and also App. B below. 

10 See Michel, “Construction des astrolabes persans”, and idem, Traite de I’astrolabe, pp. 47-86, for details, 
and also X-4.2. 

11 A. Hibshi, a. modem Yemeni scholar, in his survey of medieval Yemeni writers and their works (see n. 
3 above), mentions various scientific works by al-Ashraf, including his two treatises on astronomy, but refrains 
from further comment. 
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Fig. 2.1: The front of al-Ashraf’s astrolabe (#109). [Figs. 2.1-4 courtesy of the Metropolitan Museum of Art, 
New York, bequest of Edward C. Moore, 1891.] 
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Fig. 2.2: The back of al-Ashraf s astrolabe. 
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2 The New York astrolabe of al-Ashraf 

al-Ashraf s astrolabe—see Figs. 2.1-4 —measures 15.5 cms in diameter, and the rete and four 
plates are 12.5 cms in diameter. The instrument is 0.5 cms thick. The maker’s name and the 
date of construction are given on the rim of the lower left quadrant on the back of the instrument. 
The inscription reads: 




“This astrolabe is the work of 'Umar ibn Yusuf ibn 'Umar ibn 'All ibn Rasul al- 
Muzaffarl by his own hand and (also) under his supervision ( mubashara tan wa-imla * 1 "') in 

the year 690 (Hijra) [= 1291].” 

Both N. Martinovitch (quoted by M. S. Dimand) and L. A. Mayer misread the date on the 
New York astrolabe as 695 H rather than 690. The “6” and the “9” in the inscription on the 
back of the instrument are written in standard Arabic numerical notation (derived from Indian 
numerals), but the zero is written with one of the symbols used in the standard Arabic 
alphanumerical ( abjad) notation. 12 

The rim of the front of the astrolabe—see Fig. 2.1 —bears a scale, the four quadrants of which 
are divided into 5° intervals subdivided for each one degree. The values of the arc measured 
on these four scales are given for each 5° in the abjad system, and values for each 10° are 
given in Indian numerals. This is most unusual. 13 There is a hole in the upper part of the mater, 
perhaps resulting from a flaw in the metal: compare the circular crack in the metal diametrically 
opposite. 

The rete, which is basically in the simple 'Abbasid tradition (XIIIc), bears the standard 
representation of the ecliptic and positions of prominent stars. A small handle near the lower 
right edge can be used to rotate the rete and simulate the apparent diurnal motion of the heavens. 
Inside a scale bearing the names of the zodiacal signs on the circle of the ecliptic is a scale 
divided into 28 numbered subsections. These correspond to the 28 lunar mansions, 14 and the 
Arabic names for these are listed on the outer edge of the lower section of the rete. This is 
an unusual feature on any Islamic astrolabe, but in the Yemen, traditional folk astronomy, in 
which the lunar mansions were a prominent feature, flourished alongside the more sophisticated 
tradition of mathematical astronomy. 15 

All but four of the star pointers are for standard astrolabe stars. The Arabic names and the 
stars or groups of stars to which they refer, counted anticlockwise from the vernal equinox, 


12 See Irani, “Arabic Numeral Forms”, and also Destombes, “Chiffres coufiques”, on this convention. 

13 Thus, when the same feature occurs on a modern fake astrolabe from India, one might well begin to suspect 
that the maker had access to a photo of this Yemeni astrolabe. See further London Khalili Collection Catalogue, 

I, pp. 237-238, and my “Review”, col. 257. 

14 On the lunar mansions, see the article “Manazil” in EI 2 by Paul Kunitzsch. 

15 On folk astronomy in the Yemen, see King, Astronomy in Yemen, pp. 3-4, 11-12, etc., and, more recently, 
Varisco, “Islamic Folk Astronomy”, and Yemeni Almanac. 
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are presented in the following list. The numbers m/n identify the stars in the two main studies 


of Paul Kunitzsch dealing with astrolabe 

stars. 16 


1 

al-ghul 

9/14 

(3 Persei 

2 

al-hadi 

24/18 

a Tauri 

3 

rijl al-jawza 

37/19 

(3 Orionis 

4 

yad al-jawza 

36/22 

a Orionis 

5 

al-shira 

39/23 

a Canis Maioris 

6 

al-shamiya 

40/25 

a Canis Minoris 

7 

qalb al-asad 

26/30 

a Leonis 

8 

al-banat* 

0/40 

a (3 y 6 Ursae Maioris 

9 

al-a c zal 

29/39 

a Virginis 

10 

al-ramih 

1/41 

a Bootis 

11 

al-fakka 

2/45 

a Coronae Borealis 

12 

al-hayya 

12/0 

a i K X Draconis 

13 

qalb al- c aqrab 

30/48 

a Scorpionis 

14 

al-hawwa 

11/51 

a Ophiuchi 

15 

al-waqi 

4/53 

a Lyrae 

16 

al-tair 

13/54 

a Aquilae 

17 

ridf 

6/56 

a Cygni 

18 

al-faras 

19/58 

8 Pegasi 

19 

dhanab al-jady 

32/59 

y Capricorni 

20 

al-muqaddam ** 

17+18/63+62 

a (3 Pegasi 

21 

mu akhkhar** 

15+16/1+3 

a Andromedae, y Pegasi 

22 

khadib 

7/2 

(3 Cassiopeiae 


indicated by four dots just to the right of the centre of the horizontal diameter of the rete 
double pointers 


The name al-hadi (2), meaning “(camel) driver”, for hadi ‘ l-najm , “the driver of the Pleiades, like 
a troop of camels”, is unusual for c ayn al-thawr or al-dabaran but is an old Arabic name. 163 It is 
likewise unusual on Eastern Islamic astrolabes to find al-banat or banat nash (8); however, it is 
common on Andulusl astrolabes from the 11 th century. (These asterisms reappear on the astrolabes 
of Jean Fusoris and the Louvain school: see Fig. XIIIa-10 .7a-b.) The double pointers marked 


16 Kunitzsch, “al-Sufl and the Astrolabe Stars”, pp. 158-161, and idem , Arabische Sternnamen, pp. 59-96. 
16a Idem , Sternnomenklatur bei den Arabern, pp. 66-67 (nos. 119a-b). 
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al-muqaddim and (al-)mu c akhkhir (20-21) refer to the lunar mansions around Pegasus ( al-faras), m 
and I am not aware of having seen them on any other astrolabe. Burkhard Stautz has shown that 
the star-positions are very accurate for the date of construction. 160 

Only three of the four plates are original. On the spurious plate, of earlier provenance and of 
considerable historical interest, see the end of this description. (On another plate attributable to 
al-Ashraf see App. A2.) Two of the six sides of the original plates are illustrated in Fig. 2.3. These 
are sextile or sexpartite (Arabic: sudsl or qismat al-suds), which means that they are marked with 
altitude circles for each 6° of argument. The altitude arguments 6, 12,..., etc., are shown between 
the horizon (0°) and the 90° argument for the zenith. 

The latitudes for which these plates were intended are inscribed just below the centre of each 


plate, together with the maximum number of hours of daylight for their latitude. No localities 
are associated with the latitudes, but these could easily be identified even if we did not have 
al-Ashraf s treatise. The latitudes and corresponding values of maximum daylight are: 


13; 0° 

12;46 h 

[0] 

[Aden] 

13;37 

12;48 

[0] 

[Taiz] 

14;30 

12; 5 

[0] 

[Sanaa] 

15 

12;54 

[0] 

[N. Yemen] 

21 

13; 18 

[0] 

[Mecca] 

24 

13;31 

[0] 

[Medina] 

The hours were accurately computed from the latitudes using 23;35° for the obliquity of the 

ecliptic, a standard medieval 

Islamic value, 17 which 

was 

popular amongst the Rasulid 


astronomers. The distinctive parameter 13;37° for the latitude of Taiz, which is accurate to 
the minute, seems to have been derived by the contemporaneous Yemeni astronomer Abu T- 
c Uqul after he used 13;40° in his earliest tables (see I-3.3.2 and II-12.1). 

Each of al-Ashraf s plates bears markings for the afternoon prayer ( aWasr ) in the upper right 
quadrant and for nightfall ( maghlb al-shafaq ) and daybreak ( al-fajr ) in the lower right and left 
quadrants, respectively. 18 These markings are curves ( khatt , literally, “line”) drawn between 
the circles representing the solstices. 

Since the astrolabe can already be set up to display the configuration of the heavens relative 
to the local horizon at midday and at sunset, it suffices to mark the times of the Casr, nightfall 
and daybreak on the astrolabe, in order to use the instrument to measure time with respect to 
each of the five times of prayer. The curves for the afternoon prayer and for morning and 
evening twilight are inlaid with silver. al-Ashraf might also have inlaid the sections of the 
western horizon and the meridian between the solstitial circles to indicate the time of sunset 
and midday, and thus have drawn attention to each of the five times of daily prayer, but he 
chose to mark only three of them. 


16b Ibid., p. 56. 

16c Stautz, Mathematisch-astronomische Darstellungen auf mittelalterlichen Instrumenten, pp. 68 and 211. (The 
graphics shows the correspondence with Ptolemaic coordinates adjusted for the Mumtahan precession.) 

17 See the EI 2 articles “Mayl” (= declination) by D. A. King and “Mintaka” (= ecliptic) by Paul Kunitzsch. 

18 On the prayer-times in Islam, see the articles “Mlkat” by C. E. Bosworth and D. A. King in EI 2 , and on 
their origins and the way they were regulated over the centuries, see IV and II. 
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Fig. 2.3: The astrolabic markings for 13;37° (Taiz) and 14;30° (Sanaa) on two plates of al-Ashraf s astrolabe. 


Each plate bears markings below the horizon for the twelve seasonal hours ( al-saat al- 
zamaniyya ), twelfth divisions of the length of day or night, which vary with terrestrial latitude 
and with the seasons. 

On the back of al-Ashraf s astrolabe (see Fig. 2.2), there are two altitude scales for 0° to 
90° marked in 5° intervals and 1° sub-intervals on the rim of the two upper quadrants. On the 
rim of the lower right quadrant is a scale of shadows marked al-aqdam, “feet”. The scale 
displays the horizontal shadows that are cast by a vertical object seven “feet” long (that is, 
the height of a man) when the solar altitude is measured in the upper left quadrant. 19 The scale 
displays the arguments values 5, 10, 15, 20 and 25, each 5 units being subdivided into single 
units. 

The other markings on the back are arranged according to the zodiacal signs starting with 
Aries, clockwise from the top. The names of the signs are written in Arabic (with the old form 
al-samaka for Pisces—see XIIIa-2.4 and 3.16, XIIIc-1.1-3, 2 and 3.1), but the other informa¬ 
tion is written using planetary symbols that are identified by names at the centre of the 
instrument. See Fig. 3.2 for the symbols in al-Ashraf s treatise. (These symbols were originally 
adopted by the Muslims from Hellenistic sources. 20 ) 


19 For a more detailed discussion of such shadow scales, see Hartner, “Astrolabe”, A, pp. 2545-2547, and now 

XIIa-A. 

20 See further al-Blrunl, Ta/him, p. 199; Wiedemann, “Planetenzeichen auf Astrolabien”; and Ullmann, Die 
Natur- und Geheimwissenschaften im Islam, pp. 345-346 for tables of variants of such signs. More information 
on such symbols is contained in Gettings, Dictionary of Occult Signs. 
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Fig. 2.4: The alidade of al-Ashraf’s astrolabe with its universal sundial and a remarkable conical sighting tube that 
fits in the holes of the vanes, and is clearly part of a Yemeni tradition (see Fig. 2.5). 


There are three main scales of symbols. The outer one displays the “terms” ( hudud) of the 
zodiacal signs, five areas of unequal size for each sign, whose length in degrees is indicated 
by the number below the symbol of the planet associated with that term. 21 The middle scale 
displays the “lords of the faces” (arbab al-wujuh ), the faces being one-third divisions of each 
sign. 22 The inner scale displays the planets associated with the triangles or triplicities 
(i muthallathat ). 23 Each of these comprises three signs each separated from the next by three 
others, and each is associated with one of the four elements: fire, earth, air and water. For each 
triplicity there is a “lord of the day”, a “lord of the night” and a “companion”. For each zodiacal 
sign these three planets are shown on the scale. All of these concepts were inherited by the 
Muslims from Hellenistic astrology. 

The information on the back of al-Ashraf s astrolabe could have been considerably condensed 
in order to make room for more astronomically-significant markings such as a trigonometric 
quadrant. 24 Many Muslim instrument makers did not include astrological information of this 
kind on their astrolabes. Exceptions are, on the one side, al-Khujandl (XIIIc-9) and his fol¬ 
lowers, and the Iranian tradition right down to Safavid Iran, and, on the other, a Maghribi 
tradition exemplified by Abu Bakr ibn Yusuf (Marrakesh ca. 1200). 

The alidade—see Fig. 2.4— is most certainly original to the instrument. It bears a conical 
sighting tube that can be detached from the two rectangular vanes holding it in position. 
Alidades with sighting tubes are rare on Islamic astrolabes, but al-Ashraf does mention such 
tubes in his treatise—see Fig. 3.2. In addition to the two holes for this tube, the vanes each 
have an additional hole for sighting celestial bodies without the tube. 


21 On the “terms”, see further, for example, Hartner, “Astrolabe”, A, p. 2548 (d/e); al-Blrunl, Tafhim, p. 453; 
and Ptolemy, Tetrabiblos, 1.20-21. 

22 On the “lords of the faces”, see further Hartner, “Astrolabe”, A, pp. 2548-2549 (f); and al-Blrunl, Tafhim, 
pp. 262-263. 

23 On “triplicities”, see further Hartner, “Astrolabe”, A, p. 2549 (g); al-Blruni, Tafhim, pp. 230 and 259; and 
Ptolemy, Tetrabiblos, 1.18. 

24 See, for example, Hartner, “Astrolabe”, A, p. 2458, fig. 851, for the various markings on the back of a 13th- 
century astrolabe which bears, in addition to the astrological information recorded by al-Ashraf, two trigonometric 
grids and one horary quadrant, as well as scales for finding the solar longitude from the date in the Syrian calendar. 
These are illustrated in Fig. X-4.6.1. 
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The segment of the alidade between the bases of the two plates is divided into six unequal 
divisions and marked for each pair of zodiacal signs using abjad notation, thus: 

1/12—2/1—3/10—4/9—5/8—6/7 

This scale serves as a crude sundial when the alidade is held in the right way: see XIIa-App. 
C. 25 Whether this is original is unclear: certainly, the numbers are engraved in a hand different 
from that of al-Ashraf. 

The decorated pin clearly belongs to the alidade, but the wedge (faras , literally “horse”) for 
keeping the ensemble together is a crude replacement. 

Replacement parts: 

The fourth plate in the New York astrolabe is not original (see Figs. XIIIc-12.2 and XVI-3.2), 
but, from the kufl engraving, I would date it as early as the 10 th century. Possibly it was made 
in the Yemen, for serious mathematical astronomy and very serious mathematical astrology 
were being practiced there already at this time, as witnessed by the surviving fragment of an 
astrological treatise by the celebrated scholar al-Hamdam, who also authored an astronomical 
handbook with tables that has alas not survived. 26 This plate displays sextile markings for the 
altitude circles and also markings for the seasonal hours. The underlying latitudes are those 
of the 6 th and 7 th climates (Arabic: iqlim), where the longest days are 15 '/ 2 and 16 hours, and 
where the latitudes are stated to be 41° and 48°. This plate comes from an astrolabe with 
markings for the climates: only one other such piece is known, namely, the earliest surviving 
Islamic astrolabe, from 8 th -cenfury Baghdad—see XHIb. This particular plate clearly passed 
through the hands of a Byzantine craftsman, for the seasonal hours are crudely marked in capital 
Greek alphanumerical notation, in addition to the original markings in Arabic. See further 
XIIIc-12.2. As noted above, the wedge is a replacement. 

3 al-AshraPs treatise on the construction of the astrolabe 

al-Ashraf wrote a treatise on astrolabe construction 27 that survives in two manuscripts, one 
copied in the Yemen in 692 H [= 1293] and now preserved in the Egyptian National Library 
in Cairo. 28 The other, now preserved in a library in Tehran, was copied in 888 H [= 1483/84] 
from the Cairo manuscript, but is in some disorder. 29 In the Cairo manuscript the title is given 
as Mu In al-talib c ala c amal al-asturlab, “The Student’s Aid on the Use of the Astrolabe”, and 


25 On p. 107 of the original publication I claimed that these markings served no sensible purpose. 

26 King, Astronomy in Yemen, pp. 19-20 (no. 1). 

27 On the treatise, see further King, Astronomy in Yemen, pp. 28-29. 

28 This is MS Cairo TR (= Taymur riyada) 105, 149 fols., on which see Cairo ENL Catalogue, I, sub TR 
105, and II, Section 4.1.2, and Cairo ENL Survey, no. E8. 

29 The Tehran copy, MS MUI 150, was mentioned in Azzawi, History of Astronomy in Iraq, p. 234. A copy 
was kindly procured for me in the late 1980s by Professor Fuat Sezgin. In 1994 my doctoral student Petra Schmidl 
drew my attention to the fact that MS Berlin SB Ahlwardt 5811 (= Sprenger 1870) is an anonymous extract from 
al-Ashraf s treatise, copied in 1114 H [= 1702], to which is appended the section on the compass-bowl; this latter 
was translated by Eilhard Wiedemann in a short note “Die Geschichte des Kompasses bei den Arabern” (see also 
his article “Maghnatls” in El, and the addenda in my article “Tasa”). 
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in the Tehran manuscript it is given as Manhaj al-tullab fi ‘l-‘amal bi-’l-asturlab, “The 
Students’ Course on the Use of the Astrolabe”. Both of these titles may be spurious, not least 
because, as we shall see, the topic of the treatise is not restricted to the astrolabe alone. Also, 
most medieval texts on the astrolabe deal with the use of the astrolabe ( al- c amal bi- ’l-asturlab)-, 
al-Ashraf s treatise belongs to a less common genre of scientific literature dealing with the 
construction of the astrolabe ( ‘amal al-asturlab ). The following remarks are not intended as 
an overview of his treatise: I note only those aspects that relate to his astrolabe. 

In the first part of his treatise, al-Ashraf refers to the extensive treatise on spherical astronomy 
and instruments by the late-13 lh -century Cairo astronomer Abu c All al-Marrakushl. 30 He also 
had access to some other astronomical works that are not named by him and that are no longer 
extant. 

al-Ashrafs text is richly illustrated with diagrams. Fig. 3.1 shows an astrolabe rete 
resembling that on al-Ashrafs surviving astrolabe (compare Fig. 2.1) and with a sub-group 
of its stars. Fig. 3.2 displays precisely the information engraved on the back of the New York 
instrument (compare Fig. 2.2). Various kinds of alidades are displayed in Fig. 3.3 including 
the type with a conical sighting tube. Some illustrations in the miscellany of the Yemeni sultan 
al-Afdal (see App. B) display how the conical sighting tube is to be cut from a rectangular 
piece of metal, and what a real “horse” should look like, as well as a spring clip: see Fig. 3.4. 

al-Ashraf also presents tables of coordinates—see Figs. 3.5a-b —are presented for marking 
the altitude and azimuth curves on astrolabe plates for each of the seven latitudes: 

13°—13;37°—14°—14;30°—15°—21°—24°, 

six of which are represented on his astrolabe. Note the distinctive value 13;37°, which is 
intended to be the latitude of Taiz. 31 These tables are similar in conception to those of the 9 th - 
century Baghdad astronomer al-Farghanl, in turn inspired by a table of his early contemporary 
al-Khwarizml. 32 The problem is, for a circle of altitude h on a plate for latitude <|>, to generate 
values of its radius, r, and the distance of its centre from the centre from the centre of the plate, 
d: see Fig. 3.6a. al-Ashraf, like al-Marrakushl, reproduces al-Fargham’s table of an auxiliary 
function for generating such tables (fol. 84r). This function is essentially: 

f(0) = R tan ( 0 / 2 ), 

where R is the radius of the celestial equator on the astrolabe—see Fig. 3.6b. With this function, 
the radius r of the circle corresponding to celestial altitude h on a plate for latitude <|>, and the 
distance d of the centre of the circle from the centre of the astrolabe—see Fig. 3.6c —are easily 
shown 33 to be given by the identities: 


30 On al-Marrakushl and his work, see King, “Astronomy of the Mamluks”, pp. 539-540, and the references 
to the publications of Sedillot pere et fils there cited. 

31 See above and also 1-3.3.1, etc., and II-12.2. 

32 On such tables see King & Samso, “Islamic Astronomical Handbooks and Tables”, pp. 91-92. On al-Farghanl 
see the article by A. I. Sabra in DSB. On al-Khwarizml see the article by Gerald J. Toomer in DSB, and on his 
table for constructing astrolabe plates, see King, “al-Khwarizml”, pp. 23-27. On a 14th-century set of astrolabe 
tables compiled in the Yemen by the Egyptian astronomer al-Bakhaniql ( Cairo ENL Survey, no. C28), see King, 
Astronomy in Yemen, pp. 34-35. Francois Charette and I are currently preparing for publication a survey of Islamic 
astrolabe tables. 

33 See already Michel, Traite de l'astrolabe, pp. 62-63. 
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Fig. 3.1: The rete of an astrolabe featured in al-Ashraf’s treatise. [From MS Cairo TR 105. Figs. 3.1-3.3, 3.5 and 3.7 
are courtesy of the Egyptian National Library.] 























AN ASTROLABE MADE BY THE YEMENI SULTAN AL-ASHRAF 


635 





,0 fy ',**• 

rf £ # i 

© $ 




Fig. 3.2: The back of an astrolabe illustrated in al-Ashraf’s treatise, exhibiting the same kind of scales as found on 
his surviving astrolabe. 
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Fig. 3.3: Different varieties of alidades illustrated in al- 
Ashraf s treatise. [From MS Cairo TR 105, fol. 58v.] 
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Fig. 3.4: Illustrations of the paraphernalia necessary to 
keep an astrolabe together, as found in one of the 
treatises in al-Afdal’s miscellany (see App. B). Of 
particular interest is the construction of the conical 
sighting tube. [From Varisco & Smith, al-Afdal’s 
Anthology , p. 291, with kind permission of Professor 
Daniel M. Varisco.] 




Figs. 3.5a-b: (a) Tables of d(h) and r(h) for each degree of argument h, for latitude 13;37°. 

(b) al-Ashraf s tables of coordinates for marking the azimuth circles on astrolabe plates for latitudes 13;0° 
and 13;37°. [From MS Cairo TR 105.] 
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Figs. 3.6a-c: The principle underlying the tables of coordinates for marking the altitude circles on astrolabe plates. 


r((]),h) = R/2 { f(180° - <|> - h) + f(<|> - h) } and d(^),h) = R/2 { f(180° - - h) - f(^ - h) }. 

al-Ashraf s tables display both functions r((J),h) and d((|),h) for each of the values of 4> stated 
above and each 1 0 of h. Similar tables are presented for marking the azimuth curves on the 
plates. 

al-Ashraf presents two different star catalogues in his treatise (fols. 30r and 30v)—see Figs. 
3.7a-b. In both, the information given for each star does not include the ecliptic or equatorial 
coordinates, as is usual in star catalogues. Rather, the degree of the ecliptic that culminates 
with the star (al-daraja allatl tatawassat al-sama ma al-kawkab wa-hiya darajat al-mamarr) 
and the radius of the day-circle of the star (nisf qutr madar al-kawakib) are presented. These 
are the radial coordinates for marking the stars on the rete of an astrolabe. (al-Farghanl’s star 
catalogue in his treatise on the construction of the astrolabe is of the same kind. 34 ) 

The first list is for 23 stars and is stated to be for epoch Dhu T-Qa c da 685 [= December, 
1286]. The second is for 17 stars and is stated to be according to the opinion of “Sharaf al- 
Dln al-Hasib”, that is, the Cairo astronomer Abu 'All al-Marrakushl, when he corrected the 
positions of “ c Alam al-Dln Ta c aslf’, that is, the mid-13 th -century Egyptian scholar c Alam al- 
Dln Qaysar ibn Abi ‘l-Qasim, known as Ta'aslf. 35 al-Ashraf adds some remarks about the 
position of the star a Scorpionis in 699 (?) H [= 1299/1300] according to al-Marrakushl (?) 
and Mu’ayyad al-Dln al- c Urdl, 36 “student of Ta c asif’. This information requires further 
investigation. Suffice it to remark for the present that neither list of stars in the manuscript 
corresponds to the stars featured on al-Ashraf s astrolabe. 

Yet another list of 23 stars with their meridian altitudes for the different latitudes used by 
al-Ashraf appears on fols. 81v-82r. This can be used for checking positions of stars on the 
astrolabe rete. It is followed on fols. 82v-83r by a similar table for 24 stars based on the 
positions, i.e., declinations, of al-Marrakushl for 680 H [= 1280], 


34 See, for example, MS Berlin Ahlwardt 5792, fol. 3r. 

35 On this individual, see Suter, MAA, no. 358. 

36 On al- c Urdl see Saliba, The Astronomical Work of al- c Urdi. 
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Figs. 3.7a-b: al-Ashraf s table of coordinates for marking stars on astrolabe retes (left), and another table for the same purpose (right). Both 
are of considerable historical interest, and neither has been studied. [From MS Cairo TR 105, fols. 30r and 30v.] 
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In the second main part of his treatise, al-Ashraf deals with the construction of horizontal 
sundials, presenting tables of coordinates for marking the seasonal hours on the shadow traces 
of the zodiacal signs, computed for each of the latitudes mentioned above. These sundial tables 
are of the same kind as those of the 9 th -century astronomer pseudo-al-Khwarizml or Habash, 
computed for a series of latitudes, and those of al-Marrakushl, computed for Cairo. 37 No 
medieval Yemeni sundials are known to have survived. al-Ashraf s work ends with a brief 
discussion of the use of the water-clock ( t/tarjahar ), 38 and on the use of the magnetic compass 
(tasa) to find the qibla. 39 This latter text is of particular historical interest since it is the earliest 
attested reference to the compass in an Islamic astronomical source. 40 

Following the text of al-Ashraf s treatise in the Cairo manuscript are the two notes of approval 
or ijazas by two of his teachers, which we consider in 4. 

al-Ashraf s treatise entitled Kitab al-Tabsira ft Him al-nujum, “The Book of Enlightenment 
in Astrology”, extant in a unique manuscript preserved in Oxford, 41 deals not only with 
mathematical astrology, but also with timekeeping and folk astronomy—see 1-3.3.1 and II- 
12 . 2 . 

4 The comments of al-Ashraf s teachers on his astrolabes 

The remarks of al-Ashraf s teachers appended to his treatise are of the genre called in medieval 
Arabic ijaza, “notice of approval”, and were usually granted by teachers to students who had 
satisfactorily studied a particular written work. 42 

The text of these remarks, taken from fols. 147r-149v of the Cairo manuscript, was published 
in Damascus in 1952 in a little-known article by the Syrian scholar Tahir al-Jazahrl. 43 The 
author was unaware of the existence of the New York astrolabe, and published the account 
because he had found it in the Cairo manuscript and considered it interesting. His rendition 
of the text contains over two dozen minor errors, and I have preferred to reproduce the original 
text, here illustrated as Figs. 4.1a-f. My translation may well need some revisions, because 
there are several passages that I do not fully understand. 


37 On such tables see King & Samso, “Islamic Astronomical Handbooks and Tables”, pp. 92-94. On al- 
Khwarizml see n. 32 above and on the sundial tables attributed to him, which may be by Habash, see 1-4.1.1, 
and the references there cited. On al-Marrakushl see n. 30 above, and on some of his sundial tables, see I-4.1.3. 

38 This passage merits separate study. On Islamic water-clocks, see already Hill, Pseudo-Archimedes on Water- 
Clocks. 

39 On the qibla, see the EI 2 articles “Kibla” by A. J. Wensinck and D. A. King and “Makka (centre of the 
world)” by D. A. King, and now idem, Mecca-Centred World-Maps, pp. 47-127, and VHa-c. 

40 The illustrations of the compass in the Cairo manuscript are reproduced in King, Astronomy in Yemen, pi. 
VII and Cairo ENL Survey, pi. LXIV. The text is published with translation and commentary in Schmidl, “Early 
Sources on the Compass”. 

41 Extant in the unique copy MS Oxford Bodleian Huntington 233 (Uri 905), copied in the 14th century. See 
King, Astronomy in Yemen, p. 28 for further details, and 1-3.3.1 and 4.2.3 on various tables in this work. 

42 See, for example, the penetrating study of the ijazas on a medieval Arabic literary manuscript in MacKay, 
“M aqamat Transmission Certificates”, and also the El, article “Idjaza” by Georges Vajda. 

43 See al-JazaTrl, “ al-Tajiffi ’l-muluk” (1952). The author is surely related to, if not identical with, the 
Damascene scholar of Algerian origin with the same name who was Director of the Zahiriyya Library and who 
died in 1920: see Brockelmann, GAL, III, pp. 383-384, and Ihsanoglu et al., eds., Ottoman Astronomical Literature, 
II, pp. 706-707 (no. 545). 
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Figs. 4.1a-f: The text of some remarks by two of al-Ashrafs teachers on some astrolabes made by him: a unique document in the history of 
instrumentation and indeed in the history of Islamic science. [From MS Cairo TR 105, fols. 147r-149v, courtesy of the Egyptian National Library.] 
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The two sets of ijazas between them do not give a clear idea of how many astrolabes are 
being described. It seems that al-Ashraf made two astrolabes in 690 H, one of which must be 
the New York instrument. Furthermore, it appears that he made two astrolabes in 689 H, one 
tertile or tripartite (with altitude markings for each 3° of argument) and the other sextile or 
sexpartite. However, the remarks in the first ijaza about his modifying a sextile astrolabe in 
691 may refer to one of the instruments he made in 689 or 690. Also, the first teacher inspected 
in 692 some azimuth curves on a tertile astrolabe, which appears to be the instrument made 
in 689. Perhaps he added the azimuth curves at this later date. But in the second ijaza, it is 
stated that he actually made two sextile astrolabes in 691. Thus it seems that there are in all 
some six astrolabes under discussion. 

The first ijaza is written in the hand of an ageing Ibrahim ibn Mamdud al-Jallad al-Mawsill 
al-hasib al-maliki al-Muzaffari al-Ashrafi, who is not known to me from any other source. The 
epithet al-Jallad indicates that he came from a family of leather merchants and al-Mawsill 
indicates that his family originated in Mosul in Iraq. The phrase al-hasib al-maliki al-Muzaffari 
al-Ashrafi indicates that he was an astronomer (literally, calculator) in the service of the Sultans 
(literally, kings) al-Muzaffar and his son al-Ashraf. The second ijaza is written in an elegant 
naskhi script by Hasan ibn 'All al-Fihrl al-Muzaffari, whose name is also new to me. The epithet 
al-Fihrl indicates that his family was of Arabian origin, and al-Muzaffari indicates that he 
worked for the Sultan al-Muzaffar. 

A similar use of epithets is attested on a previously undocumented Andalusl astrolabe (#4299) 
that came to my attention in 2003. 44 It is signed by Muhammad ibn c Abd al- c Azlz al-Khama’irl, 
whose name is new to the literature, and it is dated 624 H [= 1226/27]. He is clearly related 
to the prolific and well-known Muhammad ibn Fattuh al-Khama’irl, who worked in Seville 
during the period 1210-40, and whose work is likewise spectacular. 45 This new piece bears 
a mark of ownership dated Cairo, 693 H [= 1293/94] by an Egyptian astronomer who signed 
himself Ibrahim al-Hasib al-Maliki al-Mansuri al-Ashrafi al-Nasiri : see Fig. 4.2. al-Mansur 
became Sultan of Egypt in 678 H, and was succeeded by al-Ashraf in 689 H and by al-Nasir 
in 693 H. The signature on the London astrolabe of c Abd al-Karlm al-Misrl (#104), in which 
he is given similar attributes, has been faked, but is not without interest. 46 

In the translation of the ijazas that follows I have to some extent suppressed the pious 
introductions of the two writers and the laudatory phrases which they apply to al-Ashraf. 

The first set of ijazas 

“In the Name of God, the Merciful and Compassionate,.I, the least and most insignificant 

servant of God, Ibrahim ibn Mamdud al-hasib al-maliki al-Muzaffari al-Ashrafi , say: I have 

seen two sextile astrolabes made by our Lord, the Sultan al-Ashraf ‘Umar, ., in the year 

690 [the date appears to have been altered from 68?], and (have inspected) the accuracy of 
all that he marked on them in the way of (concentric) circles, altitude circles (and their proper) 
centres and radii, the fixed stars and the mater and the plates, and also the way they were cast 


44 I have no idea of the whereabouts of this piece, but have a set of photos of it from Sotheby’s of London. 

45 Mayer, Islamic Astrolabists, pp. 64-66. 

46 Ibid., p. 30, and pi. Xllb. 
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Fig. 4.2: The owner’s signature on the back of an newly-rediscovered AndalusI astrolabe (#4299), which shows that 
it was in Egypt some 70 years after it was made, and that it was in the possession of a court astronomer-astrologer. 
[Courtesy of Sotheby’s, London.] 


and struck (sable'" wa-darb an ), and the way they are divided and constructed ( qisma tan wa-wad an ). 
(In addition, I have inspected) the accuracy of the divisions of the ecliptic and the alidades, 
and the quality of the metal used in both ensembles Civ dr al-majmu flhima). 

I found no fault in either of them except a little on the part of the craftsman turner, which 
our Lord ... knew about and could correct, so I make witness to him for his high degree of 
excellence in the construction of astrolabes, and I am writing for him in my own hand testifying 
to the accuracy of (all) this. I (also) give him permission to make whatever he likes in the 
way of astrolabes. 

The same holds for the two astrolabes he made in the year 689, one of them smaller than 
the other, (the smaller) sextile and the larger of them tertile. So I give him approval and testify 
for him concerning the accuracy of the four above-mentioned astrolabes. 

Likewise I grant him approval to mark the equatorial hours (on astrolabes ??) ( ajaztuhu fi 
c amalihi li-sd^at mustawiya) which he would derive by means of a water-clock ( tarjahar ), 47 
in whose theory and construction he excels [read yuhkimu rather than yamalu , as in the second 
set of ijazas], and to make whatever he wishes in the way of (such clocks). Written by al- 
Muzaffari al-Ashrafl Ibrahim ibn Mam dud al-Jallad al-Mawsill al-hasib in the months of the 
year 690 Hijra. 

Then I say.that the Sultan al-Ashraf.reworked a sextile astrolabe in the year 691, 

with correct markings and full revision, more perfect than before, (a fact which) I took as 
evidence of the increase of his excellent s ki lls . 

I also say that in the year 692 the Sultan.drew my attention to the azimuth circles on 


47 On these, see n. 38 above. I am not sure how one would use a water-clock to mark the hour lines on an 
astrolabe plate. 





AN ASTROLABE MADE BY THE YEMENI SULTAN AL-ASHRAF 


645 


a tertile astrolabe with azimuths for (each) ten (degrees of argument), so I investigated a lot 
about them, namely, the azimuth circles which he constructed by means of accurate instruments 
and by calculation. I found (the curves) to be extremely accurately drawn in their correct 
positions relative to each other, which I take as evidence of the accuracy of his hand, the 
excellence of his intellect, and his ability in constructing (instruments). So (for these reasons), 
I pronounce as accurate the azimuth circles he has drawn, and I approve his marking henceforth 
any astrolabes that he wishes with azimuth curves. Likewise, (I approve) his marking the 
seasonal and equinoctial hours, and the two curves for daybreak and nightfall, on any astrolabe 

he wishes. (I grant this approval) in Jumada II of the year 692 .Written by ... Ibrahim 

al-hasib ... on the above-mentioned date.” 

The second set of ijazas 

“In the Name of God, the Merciful and Compassionate.The servant (of God) who is most 

needy of Almighty God, Hasan ibn 'All al-Fihrl al-Muzaffarl al-Ashrafl, said: I have seen the 

astrolabes which our Lord.al-Ashraf.(so) skillfully and accurately constructed. Two 

of them are sextile and were made in the year 690. Two more, one sextile and the other larger 
than it and tertile, were made in the year 689. Two more, also sextile, were made in the year 
691. I saw the accuracy of all the (base) circles and the altitude circles and the(ir) centres and 
radii, and the two intersecting diameters on the backs of (the astrolabes) that he had marked 
on them. I checked the edges [huruf instead of hiraf] on the alidades that were used, the way 
the two sights stood on the alidades, and the way the holes on the sights lined up with each 
other, (ascertaining) that it was parallel to the edges of the alidades. I (also) checked each one 
of the pairs of altitude scales (lit., quadrants) on (these astrolabes), and their degree (markings) 
from 1 to 90, as well as the shadow squares and the twelve-digit and (seven-)feet shadow 
(markings). I (also) checked the quadrants of the mater on all of (the astrolabes), and their 
360 degree (divisions), as well as the meridians with upper midheaven (?? maa watad al-ard) 
and the east-west lines, and also the way the ends of each of these diameters corresponded 
to the quadrants of the mater. (Furthermore I investigated) the altitude circles, the two solstitial 
circles and the equinoctial circle, the curves for the ' asr prayer, daybreak and nightfall, as well 
as the seasonal hours. On the small sextile astrolabe made in the year 689, the curves for the 
equinoctial hours intersected with the curves for the seasonal hours [i.e., both sets were drawn], 
A few days later, I saw the tertile astrolabe made (by al-Ashraf) in the year 689. He had 
marked the azimuth curves ( sammata ) on its three plates for six latitudes, viz .: 

13;0° [Aden] 13;37° [Taiz] 14;0° [?] 

14;30° [Sanaa] 15;0° [?] 21;0° [Mecca] 

I found the azimuth curves most precisely marked, their (main?) divisions (marked) for each 
set of ten azimuth curves (??). I found all of the astrolabes whose markings and dates I have 
mentioned, perfectly and accurately executed, and I approve his making and constructing 
astrolabes, including casting and striking them and drawing their markings ( sinaat al- 
asturlabat wa-wafuha sabk ,n wa-darb an wa-rasm an ) because of what I have investigated of his 
precision, knowledge, intelligence, and perspicacity, and (also because) I tested and checked 
all of the instruments which he made so expertly. 
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Then I gave him my approval to construct whatever he wished in the way of equinoctial 
hours (??) (saat mustawiya ) which he would derive by means of water-clocks ( tarjahar ), in 
whose theory and execution he excelled. I saw two water-clocks which he had constructed so 
excellently, one made of silver and the other of brass; I found both of them extremely well- 
made. So let him make (any such clocks) that he wishes. 

I certify in this my own handwriting all that I have investigated concerning him and all that 
I have mentioned, and I certify to the acuteness of his knowledge and perspicacity, may God 
benefit him in his knowledge and labour, Amen. This (was done) on the second day of the 
month of Rajab, “the deaf one”, 48 in the year 692, may God make (the year) have a happy 
conclusion, and may God bless our Lord Muhammad and his family.” 49 

5 Concluding remarks 

A statement by al-Jallad that he did not find any fault with the two instruments made by al- 
Ashraf in 690 Hijra “except a little from the craftsman turner” which al-Ashraf “knew about 
and could correct” ( wa-lam ajid flhima makhadh an ilia in kan al-yasir min jihat al-sant al- 
kharrat wa-mawlana ... c arif bihi wa-islahihi ) seems to indicate that the Sultan did not make 
the component parts of the astrolabe himself. Yet the curious expression mubashara tan wa- 
imla’ an in the inscription of the New York astrolabe seems to mean that the instrument was 
made “with his own hands and under his supervision”. I surmise that al-Ashraf scratched the 
various markings on the plates according to his tables, and that an assistant did the engraving. 

The workmanship on the New York astrolabe, as we can say without the inhibitions that 
must have restricted the Sultan’s teachers, is not first-rate. Nevertheless, al-Ashraf s astrolabe 
is a fine example of an instrument made by a competent astronomer, and thus belongs to a 
rather small subgroup of surviving astrolabes. In addition, the fact that we have al-Ashraf s 
writings on astrolabe construction and the testimonies of his teachers about five similar 
astrolabes that he made, makes this a unique specimen in the history of Islamic astronomical 
instrumentation. Unique? Not quite! In September, 2004, I found another sextile plate attribu¬ 
table to al-Ashraf: see further App. A2. 


48 The text has al-asabb for al-asamm, the epithet of the month of Rajab: a nice switch of labials already 
attested as a dialectal variant. See further Lane, Lexicon, II, p. 556c sub Muharram, IV, p. 1612a sub shahr, and 
IV, p. 1724b-c sub asamm. On the special epithets for the Islamic lunar months, see also Littmann, “Ehrennamen 
der islamischen Monaten”. 

49 The mark of ownership beneath this text appears to read bayt ifta (which could be Persianized Arabic for 
“the office of the mufti ”, although this seems unlikely) or bayt afnad (meaning?). Prof. Rudolf Sellheim of 
Frankfurt suggested the more reasonable reading thal(a)th amnan, meaning “three man ns”, where a mann was 
a unit of weight equivalent to ca. 800 grams. The notice would thus refer to the weight of this book—or a batch 
of books, for this particular book is not that heavy—in a sales transaction. The associated date is given as Safar, 
858 H [= February, 1454], 



APPENDIX A: TWO OTHER YEMENI ASTROLABES 


Both of the Yemeni astrolabes described below have a Maghribi connection. At least the first 
piece appears to have been made in the Yemen, and the latter probably also, although if this is the 
case, it is not clear why a plate for two latitudes in the Yemen was substituted for one of the 
original plates. 

In my 1983 overview of the sources for the history of astronomy in the Yemen, I found, besides 
the obvious influence of the Cairo-based Abu 'All al-Marrakushl, only a few fragments of the 
astronomical handbook of the early-13 th -century Tunisian astronomer Ibn Ishaq (now available in 
the Hyderabad copy of a Syrian recension). Clearly there were also Maghribi astrolabists working 
in the Yemen whose only concession to their Yemeni hosts was to use the Eastern Arabic abjad 
notation rather than the Maghribi one. However, they preferred not to abandon the Western Islamic 
traditions of astrolabe stars—the two different traditions are represented on the two pieces—and 
the distinctive Western Islamic star names ( al- c abur and al-ghumaysa ) 

1 An unsigned, undated Rasulid astrolabe in Maghribi style 

An astrolabe preserved in the Institut du Monde Arabe (IMA) in Paris—see Figs. Al-2—is clearly 
a Rasulid Yemeni production, simpler (or less pretentious) than the surviving instrument of al- 
Ashraf. 

International Instrument Checklist #4029. 

Paris, In stitut du monde Arabe, inv. no. AI.86.15; formerly in the collection of Marcel Destombes. 

Brass, diameter 132 mm. 

Bibliography: Paris IMA Catalogue, pp. pp. 89-90 (no. 5)—description by Jeanne Moulierac. 

The throne is simple, being raised and unabashedly triangular. The shackle and ring are original. 
The scale around the rim is divided for each 1° and labeled for each 5° in Eastern abjad notation 
for each 5° without hundreds or tens, and but for a peg at the bottom to hold the plates, the mater 
is empty. 

The rete has the form of a Maghribi rete and the star names are in the Western Islamic tradition. 
Nevertheless, the inscriptions are in a lazy Eastern kufi , in a different hand rather from the rest of 
the instrument. Nevertheless, there are certain peculiarities which suggest that it is original. The 
equinoctial bar is counter-changed once on each side within the equinoctial circle. The lower 
equatorial bar has two outer supports and a crude circular frame at the middle around the star 
Sirius. The ecliptic scale is divided for each 6° within each sign. There is a dummy pointer 
symmetrical to the one for Regulus. The right-hand support between the ecliptic and the 
circumferential frame is broken and the connection has been incompetently soldered. The star- 
pointers are in the Western Islamic tradition with silver studs at the base, and the following 17 
stars are represented: 
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a b 

Figs. Ala-b: The front and back of the Paris astrolabe (#4029). [Courtesy of the Institut du Monde Arabe.] 


batn qaytus 
al-dabaran 
rijl al-jawza 


al-shira al- c abur (barely legible) 
al-shira al-ghumaysa 
m-x-x - 3 - c [= munlr min ?] al-shuja 
(position of star?) 
qalb al-asad 

janah al-[ghura]b (only partly visible) 


al-simak al-azal 
al-ramih 
qalb al- 'aqrab 
al-hawi (pointer broken) 


al-[wa]qV (stud missing) 
al-nasr al-tair 
dhanab al-jady 
mankib al-faras 
dhanab qaytus 


The three plates are marked with altitude circles for each 6° and no azimuth curves. The latitudes 
served by the plates are similar to, but not identical with, those on the contemporary instrument of 
the Sultan al-Ashraf, and for each a locality is specified: 
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13° 

Aden 

13;37 

Taiz 

14 

Zabid 

14;30 

Sanaa 

21 

Mecca 

24 

Medina 


The back bears four altitude scales, each measured from the horizontal axis, and concentric 
ecliptic and calendrical scales (Syrian calendar with the number of days in each month and with 
28;15 d in Shubat), running counter-clockwise from the left-hand extremity of this axis. There is 
no separate scale for the degrees of solar longitude (one has to use the altitude scales) and the 
days are not grouped as they usually are. The equinox is at Adhar 12 full days, which corresponds 
to ca. 1400. Inside these, in the lower quadrants, are shadow-scales (bases 12 and 7). Otherwise, 
apart from the perpendicular diameters, the back is empty. 

There is no alidade and the ensemble is held together by a modern nut and bolt. 


2 A composite astrolabe made by a Maghribi craftsman in Syria or the Yemen (?) with a 
replacement plate by al-Ashraf 

Another astrolabe of considerable historical interest is preserved in the Collection of Historical 
Scientific Instruments at Harvard University. I saw this piece in 1993, but could not examine it. 
Dr. Will Andrewes, then Curator of the Collection, kindly provided me with a full set of slides. 
The following description is based on an examination of the slides in September, 2004, whilst 
waiting for the proofs of this volume. 

At first sight, we are dealing with a typical late Maghribi astrolabe, datable to the 15 th century, 
with a rete and scales on the back that are definitely Maghribi in style. However, the solar / 
calendar scale on is for the months of the Syrian calendar, which means that the piece was made 
with Syria or the Yemen in mind. Alas, one of the plates is missing, so it is not possible to determine 
the provenance further. However, that plate has been replaced by one for two latitudes in the 
Yemen, which perhaps means that there was not such a plate originally. On the other hand, the 
latitudes served by the mater original plates are for the latitudes of Medina and Mecca and points 
south (0°, 12° and 15°). 

International Instrument Checklist #4170. 

Cambridge, Mass., Harvard University, Collection of Historical Scientific Instruments, inv. no. ?. 
Provenance ?? 

Brass. Diameter: ? cm. 

Bibliography: None. 

This astrolabe is at first sight typical of hundreds that were made in the Maghrib (mainly in 
Morocco) between 1200 and 1900. But the plates serve various localities in the Yemen and the 
Hejaz. 
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Figs. A2a-c: The rete, mater and back of the 
Harvard astrolabe (#4170). [Courtesy of 
Collection of Scientific Instruments, Harvard 
University.] 
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The throne is low and has a very small lobe on each side of the middle and a larger one at each 
extremity. The shackle and ring are relatively thin. The rim of the mater is divided for each 1° and 
labeled in Eastern Islamic abjad notation, that is, not in Maghribi abjad. 

The rete is very simple, and its diametrical axis, counter-changed on each side of the celestial 
equator and again within, resembles those on 1 l th -century Andalusl retes (see Fig. X-4.1.3), The 
names of the signs are standard and the ecliptic scale is divided for each 3°. The following 27 
standard Western Islamic astrolabe stars are represented: 


matn qaytus 
ghul 

nazlr (not a star) 

dabaran 

c ayyuq 

rijl 

mankib 


c abur 
ghumaysa 
yad dubb 
shuja 

qalb asad (no pointer) 
qadam 

janah ghurab 


a c zal (broken) 

qaid 

ramih 

qalb 

hayya 

[hajwi 


waqi c 


ta c ir (broken) 

ridf 

jady 

rukba 

mankib 

khadib 

dhanab 


There is no pointer for qalb al-asad, simply a strut. The symmetrical strut on the left is labelled 
nazlr, “counter strut”, a feature also found on Maghribi astrolabes. The back of the rete is devoid 
of markings. 

The latitudes served by the markings on the mater and two original plates are: 

0° (mater) 

12° - 12;30 h [-13] 

15° - 12;48 [-8] 

21° [Mecca] 13;48 [0] 

25° (25;30°) [Medina] 13;35 [0] 

The inscription on the mater reads li-khatt al-istiwa, “for the equator”. It bears altitude circles 
for each 3°. The azimuth curves are for each 4;30° and are labelled for each 9°. This latter 
arrangement is very unusual, but reminiscent of the 9° azimuth markings on two 1 l th -century 
Andalusl astrolabes, #118 and #1099.' On the fours sides of the two plates the altitudes are for 
each 3° and the azimuths for each 5°. On all five surfaces, the altitude and azimuth arguments are 
marked in a very elegant and ingenious way, reminiscent of some, but not all, of the astrolabes of 
Muhammad ibn Fattuh al-Khama’iri (Seville, ca. 1200), for example, #4001. 1 2 The two sets of 
arguments on each side are combined along the horizon, up and around, and down the meridian. 
On all five surfaces there are special markings for twilight (fajr and shafaq) at 18° above the 
horizon. There is a peg at the bottom of the mater to hold the plates in position. 


1 On the former see Gunther, Astrolabes, I, p. 253-256 (no. 118), especially pi. LX and fig. 121. Gunther 
overlooked these unusual markings. 

On the latter see King, “Nuremberg Astrolabes”, pp. 568-570 (no. 1.70), especially cols. 568c-569a. 

2 On this see Sharon Gibbs and George Saliba in Washington NMAH Catalogue, pp. 184-187 (no. 4001), especially 
fig- 125. 
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Fig. A2d: One side of the plate for Yemeni latitudes, which should be compared with the plates of al-Ashraf’s New 
York astrolabe in Fig. 2.3. [Courtesy of the Collection of Scientific Instruments, Harvard University.] 

The lengths of daylight are not without their problems. The values for latitudes 21° and 25° 
confirm that they are based on (and accurately computed for) the Ptolemaic obliquity, 23;51°. 
However, the latitude corresponding to 12;30 h should be slightly more than 12°. Actually, 12;30° 
is the latitude of the beginning of the first climate for obliquity 23;51°. Then the 48 minutes of the 
12;48 h for latitude 15° could be read 12;58, which would be more accurate, and it should be noted 
that 12;58° is accurate for latitude 16° anyway. Why should the maker have made plates for these 
latitudes anyway, unless he was thinking of the beginning (12;30°) and middle of the first climate 
(16;27 0 )? The only other surviving plate, for Mecca and Medina, is less problematic. Daylight is 
accurate for latitudes 21° and 25°, but the maker has added a distinctive Maghribi hooked lam 
above the 25 to change it to 25;30° (for which daylight would be 13;37 h ). 
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The back has four altitude scales around the rim, divided for each 1° and labelled for each 5°. 
Inside these are solar and calendrical scales for finding the solar longitude for a given day of the 
Syrian or Coptic year. Such scales, albeit for the Western calendar, are standard on Maghribi 
astrolabes (but not on astrolabes from the central regions of the Muslim world). The solar and 
calendrical scales are divided for each 1° and each l d , and labelled for each 5° and 5 d , respectively. 
The names of the zodiacal signs and the Syrian and Coptic months are standard, and the equinox 
is at ca. Adhar 11V 3 , which corresponds to ca. 1450. The shadow square, marked for each 3 units 
up to 12 and labeled mabsut and mankus, is abnormally (and absurdly) small, each scale being 
about one quarter of the radius. There is an unusual design on the back formed by two contiguous 
circles. 

The alidade and radial rule bear no markings, and the horse has a rectangular hole along its 
length. 

Replacement parts : One plate quite different from the other two bears strong resemblance, not 
only in the engraving but also in the style, to the plates in the New York astrolabe of al-Ashraf. It 
bears altitude circles for each 6° and azimuth circles for each 10°. The locations served are: 

14;0° Zabid 12;50 h [0] 

14;30° Sanaa 12;52 [0] 

The lengths of daylight are accurately computed for obliquity 23;35°, as on al-Ashraf’s plates. 
The altitude arguments are engraved three times for lower altitudes, one set being outside the 
circle of Capricorn. There are curves for twilight below the horizon, with the distinctive pair of 
labels maghlb al-shafaq and khatt al-fajr, and a curve in the upper right labeled khatt al-‘asr, 
originally if not still inlaid in silver, as on al-Ashraf’s plates. Similarly the meridian is labeled 
khatt al-zawal. There is a hole at 0.8 of the outer radius below the centre, which indicates that this 
plate was originally prepared for another astrolabe. 

Here then are two more testimonials to the active interest in mathematical astronomy in the 
Yemen that lasted for many centuries. No doubt there are more such Yemeni instruments, and if 
this study leads to the identification of others in private collections in the Yemen, then nobody 
will be more gratified than the author. 


APPENDIX B: NOTES ON YEMENI ASTRONOMY IN THE RASULID PERIOD 


The following is intended to supplement my Mathematical Astronomy in Medieval Yemen 
(1983). It is essentially the text of an essay review of a recent publication The Manuscript of 
al-Malik al-Afdal al-Abbas b. All b. Daud b. Yusuf b. "Umar b. All ibn Rasul—A Medieval 
Anthology from the Yemen, edited with an introduction by Daniel Martin Varisco and G. Rex 
Smith, Aris & Phillips Ltd, Warminster, Wiltshire, U.K., for the E. J. W. Gibb Memorial Trust, 
1998. It appeared in Yemeni Update 44 (2002), available at www.aiys.org/webdate/afdking. 
html. 


The Rasulid Sultan al-Afdal (d. 1377) was a cultured man, interested in many aspects of the 
world around him and its history. He is known to have compiled a dozen or so works, mainly 
on history but also on agriculture, medicine, astronomy and magic, only half of which are 
known to have survived. As if by way of compensation for us historians of the Yemen, there 
has been preserved for us an anthology by an unidentified copyist (possibly one of his recent 
ancestors?) dealing with all manner of subjects, which was once in his possession, for it includes 
notes in his own hand written the year before he died. No amount of praise is adequate for 
the copyist and for al-Afdal; for its present owner, who had the foresight to make it available 
for a facsimile edition; and the two editors, who recognized its potential value for future 
research. Inspired and encouraged by the late Professor Robert Bertram Serjeant, to whose 
memory the volume is dedicated, the last two mentioned valiantly acquired photographs of the 
whole manuscript with over 540 pages, and ordered them in an entirely sensible fashion, now 
paginated. They also included a brief introduction to the Rasulids, on whom Rex Smith is the 
expert outside the Yemeni world, and to al-Afdal, as well as providing a most useful table of 
contents for the manuscript in 15 pages. Their goal was achieved in making this remarkable 
historical document available to a wider public. 

It is almost five years since that facsimile of al-Afdal’s Anthology was published. How dare 
a reviewer delay so long to write a review of a book edited by a pair of colleagues and friends? 
The reason is simple: what Dan Varisco hoped I would produce was a detailed overview of 
the extensive sections of the anthology dealing with astronomy, astronomical instruments and 
astrology. This, alas, is still not forthcoming. Rather, what I shall do is simply to repeat the 
gist of what I wrote some 20 years ago on the astronomical content of this manuscript, adding 
a few bibliographical references to point to some more recent research on Yemeni astronomy 
in general, that is, not just on this manuscript. It would be inappropriate not to mention various 
studies of other parts of al-Afdal’s Anthology that have appeared since the publication of the 
facsimile. These include Golden, ed., Rasulid Hexaglot (2000), and Varisco, “Agriculture in 
Rasulid Zabid” (2002). 
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My first encounter with al-Afdal’s manuscript was in 1970-71 at the American University 
of Beirut, where I had the pleasure of studying Ancient South Arabian with Professor Mahmoud 
Ghul. I was conducting research for my doctoral dissertation on the works of the Fatimid 
astronomer Ibn Yunus and happened to mention to Professor Mahmoud Ghul that some of the 
Egyptian scholar’s works had been known in the Yemen, whereupon he allowed me to make 
a copy of his microfilm of al-Afdal’s Anthology. It was thus as a result of his kindness that 
I was able to include an overview of the astronomical contents in my book on Yemeni 
astronomy that was published some 10 years later (Mathematical Astronomy in the Medieval 
Yemen , 1983, hereafter abbreviated MAY). I also analysed some of the tables in that manuscript 
that related to timekeeping, but only now, 30 years later, are those descriptions finally published 
(in I-II of the present work). 

Overviews of the two traditions of Islamic astronomy, the first as practiced by the 
astronomers of medieval Islam and the second, non-mathematical folk astronomy, as practiced 
by the legal scholars, are to be found in King, “Islamic Astronomy”, and Varisco, “Islamic 
Folk Astronomy”, both in Selin, ed., Astronomy across Cultures. The recent overview King 
& Samso, “Islamic Astronomical Handbooks and Tables”, includes the most important Yemeni 
examples. Research on these Yemeni zijes is being continued by Benno van Dalen; for further 
information see his website. 

The following is a brief account of the astronomical contents of the Anthology (expanded 
from MAY, p. 37, ad al-Afdal (no. 18)): 

♦♦♦ There are numerous passages and tables taken from the Kitab al-Mabadi wa- ’l-ghayat 
ft Him al-miqat, “An A to Z of Astronomical Timekeeping”, by the late-13 th -century 
Cairo astronomer Abu 'All al-Marrakushl (see now my article “al-Marrakushl” in EI 2 ). 
This important work is now available in facsimile edition (Frankfurt, 1984), in addition 
to the well-known studies of the Sedillots pere et fils from the 19 th century (repr. 
Frankfurt, 1985 and 1989). It still awaits detailed study, but it has been exploited in 
the study of a later Egyptian work by Najm al-Dln al-Misrl in Charette, Mamluk 
Instrumentation. 

♦♦♦ There are various tables taken from the Mustalah Zij, which was the most-widely used 
zlj in Mamluk Cairo, but which alas does not survive in its original form (King & Samso, 
“Islamic Astronomical Handbooks and Tables”, p. 50). On one of these see further 
below. 

❖ There are some tables taken from the extensive corpus of tables for timekeeping by 
the sun and the stars entitled Mir’at al-zaman and compiled ca. 1300 for the latitude 
of Taiz by Abu T- c Uqul (MAY, no. 9). The tables in this corpus are now analysed in 
1-2.1.2, etc., and 11-12.1. Furthermore, more information on the elusive author has been 
discovered (see Varisco, Yemeni Almanac, p. 13): he is Muhammad ibn Ahmad al- 
Tabari, the first teacher appointed by the Sultan al-Mu’ayyad to his new madrasa in 
Taiz. 

❖ Some geographical tables attributed to the late-12 th -century Syrian astronomer Ibn al- 
Dahhan are all that survives from that author. See now II-9.1. 

❖ Some tables are attributed to Ibn al-Mushrif (MAY, no. 12), who is not identical with 
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a 14 th -century Egyptian astronomer with that name. See further 1-9.8, etc., and II-6.15. 

♦♦♦ Some planetary tables are stated to be from the Kitab al-Shams al-Harirl, presumably 
a zij by one Shams al-Dtn al-Harirl, otherwise unknown and not yet identified. 

♦♦♦ Other tables are taken from the Yemeni Muzaffarl Zlj of al-FarisI (see King, MAY, no. 
6.3, and King & Samso, “Islamic Astronomical Handbooks and Tables”, p. 52). 

❖ Other tables are taken from the Iranian Ilkhani Zlj of Nasir al-Dln al-Tusl (see King 
& Samso, “Islamic Astronomical Handbooks and Tables”, p. 46). 

❖ An almanac displaying various spherical astronomical functions for each day of the solar 
year is introduced in the name of al-Afdal himself but the same almanac occurs in the 
Berlin manuscript of the Mir at al-zaman of Abu T- c Uqul (see above). This is mentioned 
in Varisco, Yemeni Almanac. 

❖ A short treatise of one page attributed to al-Afdal deals with a celestial sphere that he 
made in 776 H [= 1374], Alas, all other traces of this instrument have disappeared and 
it is not mentioned in Savage-Smith, Islamicate Celestial Globes. 

❖ A table displaying the solar longitude for each day of the year is stated to have been 
compiled by al-Afdal in 777 H [= 1375/76]. 

❖ A short treatise on the astrolabe is attributed to the Rasulid Sultan al-Mu 5 ayyad (MAY, 
no. 10); this is not known from other sources. 

I concluded my first description 20 years ago with words that are still valid: 

“A more detailed description of the contents of this manuscript would obviously be 
worthwhile, but the need for investigations of the works of al-Marrakusht, the Egyptian 
Mustalah Zlj, and the Yemeni Muzaffarl and Mukhtar Zijes, is more urgent.” 

In my 1983 book, I identified two Yemeni ephemerides (taqwim, pi. taqawlm ) for the years 
727 H [= 1326/27] and 808 H [= 1405/06], unique of their genre (MAY, nos. 11 and 22). We 
have only fragments of similar works preserved in a citation by al-Blrunl and leaves from the 
Cairo Geniza. A detailed investigation of these ephemerides is in preparation as a doctoral thesis 
by Michael Hofelich of Frankfurt: see already his article “Takwlm” in EI 2 . 

I also pointed to the importance of certain early Yemeni works on folk astronomy for our 
understanding of aspects of Islamic ritual. We note the following more recent and other 
imminent publications: 

♦♦♦ An analysis of the Yemeni materials on timekeeping by arithmetical and other simple 
shadow-schemes: see III-4. 

❖ The agricultural almanac of al-Afdal has been published with a detailed commentary: 
see Varisco, Yemeni Almanac. 

♦> A study of a text by the mid-13 th -century scholar Muhammad ibn Abl Bakr al-Farisl 
of Aden (MAY, no. 6.1) on the astronomical orientation of the Ka'ba: see now Hawkins 
& King, “Orientation of the Ka c ba”. 

❖ The materials on sacred geography—the notion of the world divided into sectors about 
the Ka c ba at the centre—in Yemeni sources, in particular a reconstruction of three 
schemes proposed by the Yemeni faqih, Muhammad ibn Suraqa, ca. 1000 (see MAY, 
p. 21)—have been analysed together with similar materials from other regions. See 
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King, The Sacred Geography of Islam, as yet unpublished, with a summary in the article 
“Makka. iv. As centre of the world” in EI 2 , repr. in King, Studies, C-X. 

❖ A detailed study by Petra Schmidl of the materials relating to the prayer-times and the 
qibla in the treatises on folk astronomy of Ibn Rahlq (Mecca, 11 th (?) century), al-Asbahl 
(Janad, 13 th century) and al-Faris! (Aden, 13 th century) (MAY, nos. 2.1, 5.1 and 6.1) has 
been completed and was submitted as a doctoral dissertation in February, 2005. See 
Schmidl, Islamische volksastronomische Abhandlungen, and also eadem, “Qibla und 
Winde”. 

Some non-Yemeni materials on mathematical astronomy preserved in Yemeni sources have 
also been studied: 

❖ A list of 13 observations made in Qus and Alexandria reported in the zij of the 13 th - 
century Yemeni astronomer Muhammad ibn Ab! Bakr al-Kawash! (MAY, no. 7): see 
now King & Gingerich, “Astronomical Observations from 13 th -Century Egypt”. 

❖ The mathematical structure and the mode of compilation of a highly sophisticated lunar 
table has been explained with the help of another table preserved in the Anthology and 
a remark by al-Afdal on its provenance (see King, “Lunar Equation Table”, pp. 132 
and 135). 

Considerable research has been conducted in recent years on astronomical instrumentation 
(see King, “Instrument Website”). In particular, progress has been made on the history of 
astronomical instrumentation in the Yemen. One astrolabe made by the Sultan al-Ashraf (MAY, 
no. 8) in 690 H [= 1291] has been preserved for us and is now in the Metropolitan Museum 
of Art in New York. Also, his treatise on the construction of astrolabes, sundials, and the 
magnetic compass has been studied further. 

❖ A detailed description of al-Ashraf’s astrolabe, also drawing on his treatise on 
instrumentation, was published in 1985 and a slightly revised description constitutes the 
main body of this study. 

❖ Another unsigned Rasulid Yemeni astrolabe preserved in the Institut du monde Arabe in 
Paris was published by Jeanne Moulierac in 1989 and is described anew in App. A1 of the 
present study. 

❖ A third Yemeni astrolabe identified in the Scientific Instrument Collection of Harvard 
University and first studied properly in 2004. It, like the second piece mentioned above, 
displays Maghribi influence. Furthermore, it contains a spurious plate that can be attributed 
to al-Ashraf. A description is in App. A2 of the present study. 

❖ Al-Ashraf s treatise also contains the earliest description of a magnetic compass bowl 
in which the needle floats on water or some liquid. His text, together with a 
contemporaneous text from Cairo on a dry compass, is now published: see Schmidl, 
“Early Sources on the Compass”. 

In conclusion, much has been done on the history of Yemeni astronomy in the past 30 years, 
but not enough. There is still much more to be done, but the field is vast and the workers few 
indeed. al-Afdal and his modem editors have contributed substantially to our endeavours. 
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To the memory of Louis Janin 




DEDICATION, 

ACKNOWLEDGEMENTS AND NOTES TO THIS VERSION 


This study is dedicated to the memory of a man who was fascinated by instruments and who knew 
their language. Louis Janin (1897-1978) spent his carrier in international commerce, being the 
director of a large Parisian bank, and working in Algeria for many years. Upon his retirement in 
1965, he devoted his life to the study of the history of gnomonics, as his publications listed below 
attest. He was particularly interested in Islamic sundials. 

I first met Louis Janin on paper the day before leaving Beirut for a visit to Damascus in the 
autumn of 1970.1 was working in the library of Ted Kennedy and came across a preprint of an 
article by Janin that was to appear in the international journal of history of science, Centaurus, in 
1972. The article “Le cadran solaire de Damas” (see below) was the first study of the spectacular 
sundial of Ibn al-Shatir. The next day I was in Damascus wondering at the sundial, or at least, at a 
late-19 th -century copy of it. At the time I knew nothing about Islamic instruments, but here was a 
good one to start with. Janin had posed various questions in his study that demanded the intervention 
of an Arabist, so I wrote to him. Our collaboration, which started immediately and lasted several 
years, was a sheer joy to me. We eventually published a couple of papers together (see below). 
And my wife and I, with little Max, visited him at his maison secondaire in the Cevennes, little 
knowing that this area would eventually become our second home too. 

The following list of Janin’s publications is taken from an obituary published by his daughter, 
C. Nallet, the late Rene Rohr and myself, in Journal of the History of Arabic Science 3 (1979), 
pp. 85-87: 

1969 “L’histoire du cadran solaire”, La Suisse horlogere (1969), pp. 93-101. 

1970 “Note sur le cadran solaire de Brou”, L’Astronomie (Paris), 1970, pp. 83-85. 

“Les cadrans solaires polyedriques du musee du Pays Vaurais”, Bulletin de la Societe 
des Sciences, Arts et Belles-Lettres du Tarn, N. S., 29 (1970), pp. 357-365. 

1971 “Les meridiennes du chateau de Versailles”, Revue del’Histoire de Versailles 59 (1971). 
“Un cadran solaire astronomique”, LAstronomie (Paris, 1971, pp. 251-259. 

1972 “Le cadran polyedrique du cloitre de Brou”, Bulletin de la Societe des Naturalistes et 
Archeologues de l Ain (Bourg-en-Bresse, F) no. 86 (1972), pp. 77-82. 

“Le cadran aux etoiles”, Orion (Schaffhausen, CH), 30 (1972), pp. 171-175. 

“Un cadran solaire de hauteur”, Sefunim (Haifa) 4(1972-1975), pp. 60-63. 

“Le cadran solaire de la mosquee Umayyade a Damas”, Centaurus 16 (1972), pp. 285- 
298, repr. in E. S. Kennedy, and I. Ghanem, eds., The Life and Work of Ibn al-Shatir: 
an Arab Astronomer of the Fourteenth Century, Aleppo: Institute for the History of 
Arabic Science, 1976, pp. 107-121. 

1973 “Le monument solaire de Bagneux”, Histoire archeologique—Bulletin de TAssociation 
des Amis de Bagneux (Bagneux, F), 1973, pp. 521-529. 
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1974 “Le cadran solaire multiface de l’Abbaye Sainte-Croix de Bordeaux”, Revue historique 
de Bordeaux et du departement de la Gironde 1974, pp. 31-41. 

“Le cadran solaire analematique, histoire et developpement”, Centre Technique de 
I’lndustrie Horlogere, (Besangon, F), no. 74.2057, (1974), pp. 1-37. 

“Le cadran lunaire”, Orion (Schaffhausen, CH) 32 (1974), pp. 3-11. 

1975 “Un cadran solaire oublie”, Orion (Schaffhausen, CH) 33 (1975), pp. 179-182. 
“Deux astrolabes-quadrants turcs” (together with Rene R. J. Rohr,), Centaurus 19 
(1975), pp. 108-124. 

1976 “Un cadran solaire juif’, Centaurus 19 (1976), pp. 264-272. 

“Un compendium de poche par Humphrey Cole (1557)”, Annali dell’Istituto e Museo 
di Storia della Scienza di Firenze 1 (1976), pp. 1-11. 

1977 “Quelques aspects recents de la gnomonique tunisienne”, Revue de l ’Occident Musulman 
et de la Mediterranee (Aix-en-Provence, F), 1977, pp. 207-221. 

“Un cadran de hauteur”, Annali dell’Istituto e Museo di Storia della Scienza di Firenze 
2 (1977), pp. 21-25. 

“Ibn al-Shatir’s Sanduq al-Yawaqlt: An Astronomical Compendium” (together with 
David A. King), Journal for the History of Arabic Science 1 (1977), pp. 187-256, repr. 
in King, Islamic Astronomical Instruments , London: Variorum, 1987, repr. Aldershot: 
Variorum, 1995, XII. 

1978 “Un cadran solaire grec a A'f Khanoum, Afghanistan”, L’Astronomie (Paris) 92 (1978), 
pp. 357-362. 

“Le cadran solaire de la Mosquee d’Ibn Tulun au Caire” (together with David A. King), 
Journal for the History of Arabic Science 2 (1978), pp. 331-357, repr. in King, Islamic 
Astronomical Instruments, London: Variorum, 1987, repr. Aldershot: Variorum, 1995, 
XVI. 

“Un texte d’ar-Rudani sur l’astrolabe spherique”, Annali dell’Istituto e Museo di Storia 
della Scienza di Firenze 3 (1978), pp. 71-75. 

1979 “Astrolabe et cadran solaire en projection stereographique horizontale”, Centaurus 22 
(1979), pp. 298-314. 

The following descriptions of various Syrian instruments were prepared for the spectacular 
exhibition on all aspects of the history of Syria, held at the Institut du Monde Arabe in Paris 
from September, 1993, to February, 1994. The organizers, especially Jeanne Moulierac, kindly 
asked me to choose some of the most significant Syrian astronomical instruments, and then 
took the trouble to secure them for the Exhibition. My descriptions were first published in 
French as “L’astronomie en Syrie a l’epoque islamique”, in Syrie—memoire et civilisation (here 
referred to as Paris IMA 1993-94 Exhibition Catalogue,), Sophie Cluzan, Eric Delpont and 
Jeanne Moulierac, eds., Paris: Institut du Monde Arabe, 1993, pp. 386-395, 432-443, and 480. 
The original version also contained a description of the Istanbul astrolabe of al-BaTabakki, 
but that piece could not be liberated for the Exhibition from the Deniz Muzesi: I have since 
published a more detailed description, which is presented here as XIIIc. Also, the astronomical 
tables of al-Khahll in the magnificent Paris copy were described and displayed, and the reader 
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can now find a more detailed description in II-10.2.1 had also suggested to the organizers that 
they include the Escorial manuscript of the astronomical handbook of al-Battan! and the Oxford 
manuscript of Ibn al-Shatir’s treatise on planetary astronomy. The sundial of Ibn al-Shatir could 
not be displayed at the Exhibition because the Syrian authorities had supplied a copy, apparently 
in cement, that could not be moved. I had asked for copies in paper, such as were available 
from the Ministry of Surveying in Damascus during the 1970s. The reader will find below a 
description of the fate of this copy. 

I have resisted the temptation to include here more information on the splendid astrolabe 
of Ibn al-Sarraj (5). For this the reader must await the forthcoming monograph listed as Charette 
& King, The Universal Astrolabe of Ibn al-Sarraj, which contains a more detailed description 
of the instrument and text, translation and commentary for a treatise by Ibn al-Sarraj on a simple 
universal astrolabe and a treatise by al-Wafah on this very instrument. I have also refrained 
from including an account of Ibn al-Shatir’s compendium, and for this must refer the reader 
to my joint article with Louis Janin (see above); on this see also X-9.3. The description of 
the astrolabic plate of al-Wada c I (3) is taken from my Islamic Astronomical Instruments, 
London: Variorum, 1987, VIII. I have also inserted the description of the astrolabe in the 
tradition of al-Mizzl (7) and the astrolabic plate with markings for eight latitudes (7*) from 
my unpublished instrument catalogue. My original description of the ceramic compass bowl 
from Damascus (9) was incomplete because I had not examined it closely. The description here 
is much more detailed, and has been supplemented by information in my World-Maps for 
Finding the Direction and Distance to Mecca, Leiden: E. J. Brill, and London: al-Furqan 
Islamic Heritage Foundation, 1999, pp. 110-114, 168-170, and 478-480. The description of the 
quadrant of Muhammad al-Sakasl al-Jarkasl (10) is taken from a text prepared for Christie’s 
London 13.12.1996 Catalogue, pp. 40-41 (lot 599). In the original version of this study I 
included an essay on the history of astronomy in Syria, the early sections of which have here 
been suppressed. The reader should be aware that many important Syrian instruments are 
not included here. I do not describe, for example: the spectacular astrolabe and mater of c Abd 
al-Karlm al-Misrl; the compendium of Ibn al-Shatir; various 14 th -century quadrants, some by 
al-Mizzi; several universal plates ( safihas ); and others. These are listed, albeit together with 
Ayyubid and Mamluk instruments from Egypt, in Sections 1.5 and 3.2 and 4.3 of XVIII. 

It was intended by the organizers that the Exhibition should also be held in Syria, but, for 
various reasons, this never happened. In any case, the Syrian public was denied access to the 
first major exhibition on their cultural heritage. 
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5.1 A quintuply-universal astrolabe dated 1328/29 . 694 

5.2 An unsigned mater from a standard astrolabe. 700 

6 Two instruments by Muhammad ibn Ahmad al-MizzI. 703 

6.1 An astrolabic quadrant dated 1329/30. 703 

6.2 An Ibn Baso-type plate dated 1333/34. 704 

7 An unsigned undated Mamluk astrolabe copied from one by al-Mizzi. 705 

7* An astrolabic plate for multiple latitudes. 709 

8 The most spectacular sundial of the Islamic Middle Ages, constructed for the Umayyad Mosque in 

Damascus. 712 

8.1 The sundial constructed by Ibn al-Shatir and dated 1371 . 712 

8.2 A copy made by al-Tantawl in 1876/77. 715 

9 A ceramic compass-bowl, signed by Thabit and datable to ca. 1518. 715 

Table 1: The geographical information (DMS) on the Damascus qibla-bowl (#8026). 718 

10 An astrolabic quadrant for Damascus made by Muhammad al-Sakasl al-Jarkasl in 1891/92. 721 
























0 Astronomical instrumentation in Syria in the 13 th and 14 th centuries 


“Not one Mamluk astrolabe other than the universal instrument of Ibn al-Sarraj is known to 
survive.” D. A. King, “The Astronomy of the Mamluks” (1983), p. 545. [I cannot remember 
writing this absurd remark.] 

Developments in astronomy in the 13th century 

Damascus seems to have been an active centre of astronomy already in the 12 th and 13 th 
centuries. The biographical dictionaries of that period list several recent and contemporaneous 
scholars concerned with the sciences, mainly in Damascus. 1 * Unfortunately for us, they were 
more involved in teaching than in writing treatises; in many cases, we have no information 
other than the fact that they were involved in science. This activity took place in spite of the 
scourge of the Crusades from the 11 th to the 13 th century and the Black Death in the 14 th . Two 
Syrian instruments survive from the 12 th century, first a small vertical sundial and second a 
most unusual astrolabe—see items 1 and 2. The former is clearly related to the instrument 
tradition of ‘Abbasid Baghdad; the latter in its artistic design bears no relation to any other 
known Islamic astrolabe, and, as we shall see, from a scientific point of view, is rather 
problematic. 

Remarkable developments in planetary astronomy and the new models for the sun, moon 
and planets proposed by the astronomers at Maragha in N. W. Iran during the latter half of 
the 13 th century. A Syrian astronomer was involved with the programme there, namely, 
Mu’ayyad al-Dln al- c Urdl. A Maghribi astronomer Muhyi T-Dln al-Maghribl compiled a zlj 
for Damascus before joining the Maragha team. Even the astronomer-prince Abu T-Fida 3 of 
Hama, well known for his interest in geography, was involved with astronomy; he appears to 
have authored a zlj, which, unlike the works of al- c Urdl and al-Maghribl, is no longer extant. 

The monumental astrolabes of c Abd al-Karlm al-Misrl and al-BaTabakkl 
It has not been stressed previously that two magnificent 13 th -century astrolabes in London and 
Oxford that are signed by one c Abd al-Karlm al-Misrl were made in Syria. The London piece 
has a spectacular zoomorphic rete: see Fig. X-1.4, and the Oxford piece now sports a 
replacement rete from Central Asia: see Fig. XIV-2.1a. These two astrolabes remain to be 
properly published, and I shall refrain from discussing them in any detail here. There are still 
some unresolved problems relating to their inscriptions, especially on the London one, which 
has been tampered with. In any case, their Syrian provenance is clear from the fact that neither 
contains a plate for Cairo. 

Only recently have we come to know that a third such astrolabe, albeit with a far less ornate 
rete, survives: this is the monumental astrolabe by al-BaTabakkl that I discuss in XTVc. We 
have no information on the cultural or scientific context of these remarkable instruments. 

Standard astrolabes were also produced at the same time. We have three from the hand of 
al-Siraj, a muezzin in Damascus in the early 13 th century (see also XIVc-0). 


1 On the context see King, “The Astronomy of the Mamluks”, and, on the defexts of that study and a challenge 

to future researchers, see idem, “Reflections”, pp. 54-55. 
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The influence of al-Marrakushi and the Egyptian tradition 

A revival of astronomy in Egypt in the 13 th century was influential in Syria. About 1280 the 
Cairo astronomer Abu 'All al-Marrakush! compiled a summa of spherical astronomy and 
instruments, mainly from earlier sources but also adding material of his own that was mainly 
in the form of numerical examples and tables specifically computed for the latitude of Cairo 
(II-2.7). This work set the tone of astronomical timekeeping for several centuries. The treatise, 
appropriately entitled Jamf al-tnahadT wa-l-ghdydt fi dim al-miqat (= An A to Z of Astrono¬ 
mical Timekeeping), was first studied in the West in the 19 th century. Of great historical interest 
is the treatise by al-MarrakushTs late contemporary, Najm al-Dln al-Misri, who described and 
illustrated over one hundred different instrument types, many devised by himself. This treatise 
was apparently without influence, for no references to it or materials from it are known from 
later Egyptian or Syrian sources. 

At about the same time a contemporary of al-Marrakushi, Shihab al-Dln Ahmad ibn ‘Umar 
al-Maqsi, compiled a set of tables, probably based on earlier tables by the 10 th -century 
astronomer Ibn Yunus, displaying the time since sunrise as a function of solar altitude and 
longitude for the latitude of Cairo. In the 14 th century, this set was expanded and developed 
into a corpus of tables covering some 200 manuscript folios and containing over 30,000 entries. 
The Cairo corpus of tables for timekeeping was used for several centuries and survives in 
numerous copies, no two of which contain exactly the same tables (II-4-5). The bulk of the 
corpus is made up of tables displaying the time since sunrise, the hour-angle (the time remaining 
until midday), and the solar azimuth for each degree of solar altitude and each degree of solar 
longitude. There are other tables displaying the solar altitude and hour angle at the c asr, the 
solar altitude and hour-angle when the sun is in the direction of the qibla, and the duration 
of morning and evening twilight. These tables inspired the later ones for Damascus by al-Mizzl 
and al-Khallll—see II-9.2 and 10. 

The solitary instrument specialist of Aleppo, Ibn al-Sarrdj 

The early-14 th -century Aleppo astronomer Shihab al-Dln Ahmad ibn Abl Bakr known as Ibn 
al-Sarraj was the leading instrument-maker of the late medieval period. Little is known about 
him other than that he worked in Aleppo and that he was not associated with any mosque or 
madrasa. Happily, his major production has survived intact and was on loan to the Paris 
exhibition (5). The instrument has been known since the 1930s but only recently studied in 
detail. Without any shadow of a doubt, it is the most sophisticated astronomical instrument 
made anywhere in the world between Antiquity and the 17 th century. 

Ibn al-Sarraj’s astrolabe is quintuply-universal, that is, it can be used for any terrestrial 
latitude in any of five different ways. It represents the culmination of the Eastern Islamic 
tradition of astrolabes with a universal plate of horizons and quadrants of astrolabic markings 
and trigonometric grids, and the Western Islamic tradition of the universal astrolabe and the 
universal plate known as the shakkaziyya. Mamluk astronomers were aware of the achievements 
of Eastern Islamic instrumentation, and also of the single universal plate of the ll th -century 
Andalus! astronomer Ibn al-Zarqalluh, which is known to have been transmitted eastwards. 
There is, on the other hand, no evidence that Ibn al-Sarraj knew of the simpler variety of 
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universal astrolabe—by no means simple, but, rather, already highly sophisticated—that had 
been invented in al-Andalus in the 11 th century by Ibn al-Zarqalluh’s contemporary c All ibn 
Khalaf (X-5.1). 

In other words, Ibn al-Sarraj reinvented the universal astrolabe. He claims this in a short 
treatise in which he describes the simpler form of universal astrolabe, with a universal plate 
and a rete consisting of a half-circle of universal markings and a half-circle including a complete 
ecliptic and star-pointers. This treatise was clearly compiled before he invented his quintuply- 
universal astrolabe. This instrument was first seriously studied in the early 1970s, and at that 
time it was by no means clear how all of the various components were expected to function. 
Then in 1975 a treatise was identified written by al-Wafah, a 15 th -century Egyptian astronomer 
who had owned this very instrument. al-Wafa’l complained that Ibn al-Sarraj had not written 
a treatise to explain the various operations that one can perform with the instrument and 
undertook to do this himself. Fortunately he was equal to the task, for his treatise contains 
all of the answers to our remaining questions about how to use it, though not how Ibn al-Sarraj 
was able to conceive it or how he constructed it. 

Astronomy in Damascus in the 14th century 

Damascus was home to a particularly vigorous tradition of astronomy in the 14 th century, 
centred on the Umayyad Mosque in the heart of the city. This tradition was but one of many 
colourful aspects of life under the Mamluks, who ruled Egypt, Syria, Palestine and the Hejaz 
from the mid 13 th to the early 16 th century. A team of muwaqqits was employed at the Mosque, 
but the interests of some of them extended far beyond Him al-miqat. We shall discuss the three 
main representatives of this team. But first we should mention instrument-making in 13 th - 
century Syria, as well as a 14 lh -century miqati of consequence from Aleppo, whose works on 
instruments inspired the Damascus muwaqqits. 

al-Mizzi, famous for his instruments 

Shams al-Dln Muhammad ibn Ahmad ibn 'Abd al-Rahlm al-Mizzi was a contemporary of Ibn 
al-Sarraj. He was bom in 690 H [= 1291], studied in Cairo under Ibn al-Akfanl, and then worked 
as a muwaqqit at the Umayyad Mosque. He is known as the compiler of tables for timekeeping 
by the sun with some 10,000 entries and others for determining the times of prayer, modelled 
on those he had seen in Cairo but now computed for the latitude of Damascus, taken as 33;27° 
(with obliquity of the ecliptic 23;33°) (see now 1-2.1.3 and II-9.2), as well as the author of 
various treatises, mainly on the use of different varieties of quadrants. He was famed for his 
instruments: his quadrants are reported to have sold for 2 dinars, his astrolabes for 10. It is 
remarkable that in addition to one astrolabic plate and one astrolabe apparently copied from 
one of his (7), four quadrants by him other than the one discussed below (6) have survived. 
al-Mizzi died in Damascus in 750 H [= 1349], 

Ibn al-Shatir and the culmination of Islamic planetary astronomy 

The chief muwaqqit at the Umayyad Mosque during the 1360s and 1370s was 'Ala 5 al-Dln 
'Ah ibn Ibrahim called Ibn al-Shatir, known today for his innovative and successful research 
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on geometric models for the sun, moon and planets. Like al-MizzI, he studied astronomy in 
Egypt, but—as we shall see—his major achievements were inspired by a very different 
astronomical tradition, namely, that of Maragha. 

Ibn al-Shatir compiled some prayer-tables for an unspecified locality with latitude 34° 
(possibly the new Mamluk city of Tripoli) and obliquity 23;31° (II-9.3). He also invented 
various instruments and authored treatises on their use. One of these was a compendium in 
the form of a box, the lid of which could be raised to serve the astronomical function of the 
box and its appendages for any of a series of terrestrial latitudes (X-9.3). This lid bears a set 
of astrolabic horizon markings, and a removable plate inside the box bears a universal polar 
sundial and a set of qibla-markers for different localities. All of the other parts of this 
compendium, which are missing from the only surviving specimen of it now preserved in 
Aleppo, such as a magnetic compass for aligning the instrument in the cardinal directions and 
the sights for reading the time from an equatorial scale on the lid of the box, are described 
in a treatise on its use, preserved in Berlin and authored by Ibn al-Shatir himself. 

An astrolabe that seems to be an early work of Ibn al-Shatir is presented here (4). The 
contemporary historian al-Safadl reports seeing a monumental astrolabic clock in Ibn al- 
Shatir’s house. In 1371 the Damascene astronomer constructed the splendid sundial that was 
installed on the main minaret of the Umayyad Mosque, where a copy of it made in the 19 th 
century remains to this day (8). This is the most sophisticated sundial made before the European 
Renaissance. 

In addition to this work on timekeeping, Ibn al-Shatir concerned himself with theoretical 
astronomy, thereby incorporating the results of the Maragha astronomers into the Damascus 
programme. 2 Alas, no copy of the book in which Ibn al-Shatir’s Taliq al-arsad, “Discourse 
on Observations”, has come down to us. But we should be grateful that the Nihayat al-sul 
is available and we await with anticipation the forthcoming edition, translation and commentary 
by George Saliba. In this work Ibn al-Shatir “laid down the details of what he considered to 
be a true theoretical formulation of a set of planetary models describing planetary motions, 
and actually intended as alternatives to the Ptolemaic models” (Saliba). In his zij for Damascus 
called al-Zlj al-jadid, “The New Astronomical Tables”, which survives in several copies, he 
actually computed new solar, lunar and planetary tables based on these models. 

Ibn al-Shatir died between 1375 and 1380 (the sources differ on the exact year). He is one 
of the few astronomers of this period to be mentioned in contemporary biographical sources. 

al-Khallll and the culmination of astronomical timekeeping 

Biographical information on Shams al-Din Abu ‘Abdallah Muhammad ibn Muhammad ibn 
Muhammad al-Khallll, a man only recently recognized for his remarkable competence in 
computation, is scant indeed, although the epithet al-Khallll indicates that his family came from 
Hebron in Palestine. In his first set of tables, completed in 763 H [= 1361], he is referred to 


2 See the remarks in 1-2.1.4, n. 15. 
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as a muwaqqit at the Yilbugha Mosque, a new mosque in Damascus established by the Governor 
Sayf al-Dtn Yilbugha in 747 H [= 1346], But in copies of his main corpus he is referred to 
as a muezzin or a muwaqqit at the Umayyad Mosque. 

al-Khallll recomputed al-Mizzl’s tables for the new parameters derived by Ibn al-Shatir in 
765 H [= 1363/64], namely: 33;30° for the latitude of Damascus and 23;31° for the obliquity 
of the ecliptic. His corpus of tables for solar timekeeping and the regulation of the times of 
prayer for Damascus continued to be used in one form or another until the 19 th century. In 
addition, al-Khallll prepared a set of auxiliary tables for solving the standard problems of 
spherical astronomy for all latitudes, as well as a universal qibla-table. al-Khallll’s tables 
survive in about three dozen manuscripts, of which few are complete. Fortunately, the best 
copy is complete and could be displayed at the Paris exhibition. See further II-10.2. 

Astronomy in Syria after the 14th century 

Not all creative scientific activity in Syria came to an end with the destruction of Damascus 
by the Mongols in 1402. About 1425 Shihab al-Dln al-Halabl compiled some new tables for 
timekeeping for Damascus to supplement those of al-Khallll. About 75 years later al-Salihl 
produced a Syrian recension of the Zlj of Ulugh Beg of Samarqand (ca. 1425). And about 1650 
al-QazwInl prepared a recension of the Zlj of Ibn al-Shatir. Each of these men was a muwaqqit 
at the Umayyad Mosque in Damascus. 

Although the Zlj of Ibn al-Shatir was based on his new models and was widely used at least 
in Syria and Egypt for several centuries, it has not yet been determined whether his tables were 
favoured because they were based on new models or simply because they were computed by 
him, a widely-renowned muwaqqit. 

With the passage of time only al-Khallll’s calendrical tables and the solar longitude table 
needed to be updated. The decreasing obliquity (23;30° observed ca. 1440 by Ulugh Beg and 
23;29° used by later Ottoman astronomers) was not considered sufficient cause to recompute 
the corpus, or even the prayer-tables. Various later Syrian astronomers adapted al-Khallll’s 
tables; improve them they could not. 

Besides these modifications to al-Khallll’s corpus, various new sets of prayer-tables were 
compiled for a variety of localities after the 14th century. Mention may be made of the 
anonymous prayer-tables for Tripoli, Istanbul, Aleppo, Mecca, and Lattakia. al-Khallll’s main 
auxiliary tables were used for several centuries not only in Syria but also in Egypt, the Maghrib, 
and Turkey. al-Khallll’s qibla-table was not widely used after his time, and no references to 
it have been found in treatises by any contemporary or later Muslim astronomers. On the other 
hand, his list of qiblas appears in several later Syrian and Egyptian manuscripts. Even so, the 
mathematically computed qibla values for various Syrian cities were not always taken seriously 
by those who built mosques. (In Syria early mosques faced the traditional qibla direction of 
due south, while later mosques are often oriented at variance to the directions that can be 
computed from medieval geographical coordinates. This is particularly evident in the new 
Mamluk city of Tripoli, where the religious architecture faces several different directions. The 
modem qibla value for Damascus (based on the correct longitude difference from Mecca) is 
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some 15° closer to south than al-Khallll’s value, but this is irrelevant to any discussion of the 
orientation of medieval mosques. 

The Ottoman Turks found themselves heirs to the Egyptian and Syrian traditions, as well 
as to the works of the Samarqand school of Ulugh Beg. The most important Muslim astronomer 
of the 16th century, Taqi T-Dtn ibn MaTuf, who directed the short-lived Observatory in 
Istanbul, was a Syrian who had lived in both Egypt and Palestine and was familiar with the 
rich heritage of Mamluk astronomy. In the 18 th century the Ottomans came in contact with 
European astronomy and the “Zz/es” of Lalande and Cassini were translated into Turkish and 
their tables adapted to the longitude of Istanbul. Other versions were later prepared in Arabic 
for Damascus and Cairo. 

Astronomy continued to be studied in Damascus and Aleppo, as well as in Cairo, after 
Istanbul had become the centre of astronomical activity in the Islamic world. Different and 
virtually independent schools continued to flourish in the Maghrib as well as in Iran and Muslim 
India. The preparation of annual ephemerides and the copying of tables for timekeeping 
continued apace. Where initiative appears, as on the splendid quadrant of Muhammad al-Sakasl, 
dated 1891/92, we are safe in assuming that the maker was copying from an earlier piece. The 
compilation of treatises on the construction and use of instruments continued until the 19 th 
century, but there was nothing new in these after the 15 th century. The great scientists of such 
calibre as Habash, al-Battanl, Ibn al-Shatir, al-Khallli, had been virtually forgotten. Towards 
the end of the 19 th century, al-Tantawi, the last traditional muwaqqit at the Umayyad Mosque, 
converted all of splendid al-Khallll’s tables so that the entries were in Turkish time (with sunset 
as 12 o’clock) and made a copy of Ibn al-Shatir’s spectacular sundial. Shortly thereafter Carlo 
Alfonso Nallino edited the Zlj of al-Battanl, and a new era had begun. 
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1 A vertical sundial of the “locust’s leg” variety, signed by Abu 6 1-Faraj c Isa and dated 1159 

International Instrument Checklist #7315. 

Paris, Bibliotheque Nationale de France, Departement des Monnaies, Medailles et Antiques, inv. no. 
F. 6909. Purchased in 1895 at the suggestion of Paul Casanova from M. Durighello of Beirut, who 
had acquired it from M. Darricarrere, a French businessman of the same city. 

Brass. Length: 86 mm. Width: 51 mm. 

Bibliography: Casanova, “Cadran solaire syrien” (detailed description); Mayer, Islamic Astrolabists , 
pp. 52-53 (with additional references); Paris BN 1981 Catalogue , p. 3 (no. 3); Paris IMA 1993-94 
Exhibition Catalogue , pp. 436-437 (no. 332); and IV-7.4. 

This is a vertical sundial for measuring the time of day in seasonal hours—one-twelfth divisions 
of the length of daylight—throughout the year. The markings are similar on each side, those 
on the front, which bears the longest inscription, serving 36° [= Aleppo], and those on the back 
33° [= Damascus]. The inscription on the front translates: 

j N\\ ^ diic-LoJl J 

Au Aiuj | ^ fctijc A*_Ll*o 



Fig. la-b: The front and back of Abu ‘l-Faraj’s sundial (#7315). [Courtesy of the Bibliotheque Nationale de 
France.] 
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“(For ? / By order of ?) the just king Nur al-Dln Mahmud ibn Zankl, for finding the 
seasonal hours and the times of prayers for latitude of 36°, constructed by Abu ‘1-Faraj 
Tsa, student of al-Qasim ibn Hibatallah al-Asturlabt, in the year 554 (Hijra) [= 1159/60].” 

and that on the back: 


Clllc-Kdl 

“(For) finding the seasonal hours for latitude 33°.” 

The maker is otherwise unknown, but Hibatallah, the father of his teacher, was a well-known 
instrument-maker of Baghdad, some of whose pieces survive. 3 Nur al-Dln (bom 1118, died 
1174) was the Atabeg ruler first of Aleppo, later also of Damascus and Egypt. 

The gnomon, or device for casting a shadow on the markings on the sundial, is missing. It 
was intended to be fitted in the holes corresponding to each pair of zodiacal signs with the 
same solar declination, whose names are engraved on the scale at the bottom: it may have been 
divided across its width for each 5° of solar longitude. Certainly, the main markings are divided 
by longitude lines for each 5°. These run from left to right between the winter solstice, when 
the midday vertical shadows are shortest to the summer solstice, when they are longest. The 
markings for the hours cross these, the lowest serving midday, when the shadows are longest, 
and the horizontal one at the top serving sunrise or sunset, when the shadow-length is zero. 

Most significant is the fact that there are no separate markings for the prayers, that is, for 
the zuhr and the ‘asr. This is evidence that they were to be regulated at the seasonal hours, 
either at the beginning of the 7 th or 8 th hour for the former, and most probably at the beginning 
of the 10 th hour for the latter. The standard definitions of the times of prayer in terms of shadow 
increases, which were first introduced in the law books of the 8 th century, are practical means 
of regulating the prayer in terms of the seasonal hours. Thus, for example, an increase of the 
shadow equal to the length of the gnomon indicates the end of the 9 th hour or beginning of 
the 10 th , that is, mid-aftemoon. al-Blrunl mentions people who used the seasonal hour curves 
on astrolabes to regulate the day-light prayers; this sundial provides more evidence of the same 
practice. See further IV-7.4. 

In a brilliant account of this instrument, Paul Casanova related it to the same kind of 
instrument as described by the Cairo astronomer Abu c All al-Marrakushl ca. 1280 in his 
monumental treatise on instruments. Here it is called sdq al-jarada, locust’s leg, because of 
the general appearance of the markings, and al-Marrakush! provides a table for constructing 
the hour-curves for the latitude of Cairo. This is, in fact, one of several instruments devised 
by Muslim astronomers in 9 th -century Baghdad, on which research has only recently begun. 
As pointed out by Casanova, such sundials, albeit with less accurate markings, are also known 
from Antiquity. 


3 On Hibatallah see Rosenthal, “Al-Asturlabl and as-Samaw’al on Scientific Progress”, and for one of his 
instruments, see King, “Zij al-Safaih". 
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2 An astrolabe with a rete decorated with circus figures by al-Sahl al-Nlsaburl datable to 
ca. 1180-1280 

International Instrument Checklist #137. 

Nuremberg, Germanisches Nationalmuseum, inv. no. WI 20. The instrument appears to have been in 
Nuremberg since the 15 th century and may have been part of the collection of Regiomontanus. 
Brass, with silver plating on the rete and silver inlay on the throne and back. Diameter: 161 mm. Height: 
255 mm. Thickness: 6 mm. Length of pin: 30 mm. 

Bibliography: The earliest writings on this instrument are listed in the latest Nuremberg catalogue (see 
below). In Gunther, Astrolabes , I, pp. 280-281 (no. 137), this astrolabe, listed amongst Moorish 
instruments (!!), was dated to the 12 th century but was confused with a European astrolabe dated 1468 
and falsely attributed to Regiomontanus; the Syrian piece is in fact not featured at all by Gunther. 
Numerous references are provided in Mayer, Islamic Astrolabists , pp. 82-83. Illustrations and brief 
descriptions are featured in Zinner, Regiomontanus , p. 222 (where this instrument is again confused 
with another one) and pi. 42, figs. 80-81; Nuremberg 1983 Catalogue , pp. 33-35 (no. 2), with 
illustrations of the front on p. 35 and a blow-up of the rete on the front and back covers, all in splendid 
colour; King, “Strumentazione”, p. 160. An unpublished study of the rete from the point of view of 
an art historian is in Kolbas, “The al-Sahl Astrolabe”; here alone (pp. 50-52) is the symbolism of the 
figures on the rete discussed. Gingerich, “Zoomorphic Astrolabes”, p. 97, provides an astronomical 
identification of the thirteen figures. Detailed descriptions by the present author are in Nuremberg 1992- 
93 Exhibition Catalogue , I, p. 110 (on the Regiomontanus connection), and II, pp. 570-574 (no. 1.71), 
and Paris IMA 1993-94 Exhibition Catalogue , pp. 432-434 (no. 329). On the star-positions see Stautz, 
Mathematisch-astronomische Darstellungen auf mittelalterlichen Instrumenten , pp. 66-67 and 205- 
207. On a facsimile of sorts see Sezgin & Neubauer, Wissenschaft und Technik im Islam , II, p. 104. 

This unusual and singularly elegant astrolabe is said to have once belonged to Regiomontanus, 
the leading European astronomer of the 15 th century. 4 * Certainly, it passed from Syria through 
Italy in the late Middle Ages, but it is not known precisely how or when it came to the 
Stadtbibliothek in Nuremberg, whence it was passed to the Museum in 1877. Unfortunately, 
the astrolabe is undated, and it could date from ca. 580 H as well as from ca. 680 H, that is 
about 1180 or 1280. 

The throne is elegantly decorated on both sides with a complicated foliate design. Across 
the base of the throne at the front is an inscription in heavy kufl script: 


L a\1 (J-aC- 


“Made ( c umila ) by order of the Treasury ( khizana ) of 
al-Malik al-Muzaffar Taqi 6 1-Din,” 
and on the base of the back of the throne is the inscription: 

(Jg. mil 


4 See Nuremberg GNM1992-93 Exhibition Catalogue , I, p. 110. In Sezgin & Neubauer, Wissenschaft und Technik 

im Islam , II, p. 104, it becomes Regiomontanus himself who inserted the replacement plates. 



678 


PART XIYb 



Figs. 2a-b: The front and back of the astrolabe of al-Sahl al-Nlsaburl (#137). [Courtesy of the Germanisches 
Nationalmuseum, Nuremberg.] 
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“Constructed by al-Sahl al-Asturlabl al-Nlsaburl.” 

It is clear that the dedication refers to one of the Ayyubid princes of Hama, but, unfortunately, 
there were three princes of that city (the second being the grandson of the first and the third 
the grandson of the second) who held the title al-Malik al-Muzaffar Taqi T-Dtn, namely: 
c Umar, reg. 574 H [= 1178/79] until his death in 587 H [= 1191]; 

Mahmud, reg. 626-642 H [= 1228/29-1244/45]; and 
Mahmud, reg. from 683 H [=1284/85] until his death in 698 H [= 1299]. 5 
It is not possible to say definitively which one was intended in the inscription; however, if 
the second or third was intended the maker might have thought it necessary to identify him 
more carefully to distinguish him from his grandfather or great-great-grandfather. L. A. Mayer 
did not question an association with the third of these rulers; Judith Kolbas, on the other hand, 
opted for the second because of his known interest in astronomy. Fuat Sezgin makes one person 
out of the second and third. The maker is otherwise unknown to us. 

The two dozen surviving astrolabes made in Egypt, Syria and the Yemen in the 13 th and 14 th 
centuries represent the most colourful and innovative of any regional tradition (Islamic or 
European), and al-Sahl’s astrolabe is in one sense a good example. However, as we shall see, 
it is, from an astronomical and practical point of view, completely non-functional. In this it 
is unique amongst early Islamic instruments, which are characterized by the accuracy of their 
markings. (In the case of the earliest surviving Islamic astrolabe, discussed in XHIb, the 
positions were accurate for the epoch, if only according to contemporaneous astronomical 
knowledge.) 

Both the front and back of the throne are decorated with elegant floriated designs inlaid in 
silver. The suspensory apparatus appears to be original. The scale of the rim is divided for 
each degree and labelled for each 5° in simple kufl script. 

The spectacular rete is the most original feature; indeed, it is unique in Islamic instrumen¬ 
tation, since some constellation figures are depicted as well as individual stars. The figures 
are those of a circus troupe of acrobats or jugglers such as occur on contemporary pottery from 
Syria. Judith Kolbas pointed to the popularity of the shadow play in this region in the 12 th 
century, seeing the figures on the rete as puppets for such a play. The figures, of which the 
first and third do not correspond to any constellation figure, and the tenth is apparently merely 
a symbol for the star al-waqi (Vega), are as follows: 


juggler 1 

Cassiopeia 

juggler 2 

- 

juggler 3 

Orion 

juggler 4 

- 


5 Bosworth, Islamic Dynasties, new edn., pp. 71-72. 
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lion 
bird 1 

juggler 5 (holding end of lance) 
juggler 6 (holding middle of lance) 
juggler 7 (holding serpent) 
snake (dangling) 
bird 2 

bird 3 (swooping) 
horse (winged) 


Leo 
Corvus 
Bootes 
Hercules 
Ophiuchus 
Serpens 
symbol for Vega 
Aquila 
Pegasus 


The associated constellations are actually named, explicitly or implicitly, on the star-pointers. 
There are 21 standard stars with 20 associated names: 


* 


dhat al-kursl 

hair of juggler 1 

al-khadlb 

finger of juggler 1 

ras al-ghul 

cap of juggler 1 

al-dabaran* 

end of finger of juggler 2 

[al- c ayyuq] 

unnamed triangular pointer on central disc 

rijl al-jawza 

leg of juggler 3 

yad al-jawza 

hand of juggler 3 

shira al-yamaniya 

fold on upper sleeve of shirt of juggler 3 

al-sha'amiya 

hat of juggler 4 

qalb al-asad 

paw of lion (on ecliptic) 

janah al-ghurab 

bump on breast of bird 1 

al-simak al-ramih 

codpiece of juggler 5 

qalb al- c aqrab 

protrusion on circumferential frame 

al-jathl 

hat of juggler 6 

al-hawwa 

hand of juggler 7 

hayyat al-hawwa 

snake—exact position of pointer ?? 

al-waqi 

beak of bird 2 

al-tair 

beak of bird 3 

fam 

below belly of horse (!) 

mankib 

wing of horse 

fam al-faras 

“tail” of horse (note that fam is repeated) 


An additional phrase on this pointer refers to astrological qualities of the star. 
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Investigations by Burkhard Stautz of the star-positions on the rete show that they correspond 
to ca. 600±100, that is, to positions that might have been used before the new observations 
in Baghdad established that the Ptolemaic value for precession was incorrect. They were clearly 
based on an early source in the Almagest tradition, perhaps calculated from one of the earliest 
Arabic translations of the Almagest or copied from an older Greek Byzantine globe. It is a 
complete mystery why the maker did not bother to use an updated star-list, of which several 
were available in Syria in his time. 

Only two out of the four plates are original. These two bear altitude circles for each 3° and 
azimuth curves for each 10° below the horizon. They are of a high quality of workmanship 
and display interesting construction marks (see Fig. XIIIa-3.1a). The underlying latitudes are 
stated to be: 

30°, 33°, 36°, 39°, 

and places such as Cairo, Damascus, Aleppo would be served by the first three of these. One 
would have expected a plate with markings that would serve Hama, but the other two plates 
have additional markings by a European—see below. The mater bears four sets of half-horizons 
serving 19 latitudes between 10° and 52°. 



c 


d 


Figs. 2c-d: (c) The plate for latitude 36° and (d) the 
mater of the astrolabe of al-Sahl al-Nisaburl (#137). 
[Courtesy of the Germanisches Nationalmuseum, 
Nuremberg.] 
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The back bears four altitude scales divided for each 1° and labelled for each 5°. These double 
as declination scales on the equatorial and ecliptic grids—the combination was known as the 
shakkaziyya —that fill the space within. The equatorial coordinates are shown for each 10° of 
both arguments. At an angle of 23 V 2 ° to these is a similar set of markings for the ecliptic inlaid 
in silver. The names of the signs are engraved in the kufl of the inscriptions on the throne 
whereas all other inscriptions on the back are in ordinary kufl. Some 50 stars are marked with 
black circles with silvered interiors, most of them being north of the ecliptic. Investigations 
of their positions by Burkhard Stautz indicate that they correspond to the same date as those 
on the rete. It is curious indeed that an astrolabist who was familiar with the latest trends in 
astrolabe construction (the grid had only recently been imported to Syria from al-Andalus) 
would not have taken the trouble to update the star-positions. Like the rete, the grid is 
astronomically useless. 

The alidade has markings corresponding to the divisions of the grid below it and also a 
perpendicular rule divided for each 5° of argument, as if to measure the altitude above the 
alidade used as a horizon. For the purposes for which the grid was intended, this perpendicular 
rule is not as useful as it would be if it could be moved transversely (as on the original alidades 
proposed by the Andalus! inventors of the instrument or on Renaissance European versions). 

Later markings 

One spurious plate has been engraved in a bold but fairly crude 14 th - or 15 th -century Gothic script 
with markings for latitudes 45° and 48°. There are curves for the prime vertical below the horizon 
(unusual), but otherwise no azimuth curves. This is not the work of Regiomontanus, for we have 
instruments associated with him that are much finer (see Fig. XIIIa-10.6a-b). The other later 
plate bears different markings, serving the astrological doctrine of casting the rays, for latitudes 



Fig. 2e: (e) A detail of the back. [Photo by the author, 
courtesy of the Museum.] 

Fig. 2f: The markings for latitude 45° one one of the 
two spurious plates in the astrolabe of al-Sahl al- 
Nlsaburl (#137). [Courtesy of the Germanisches 
Nationalmuseum, Nuremberg.] 
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42° (incomplete) and 51° and inscriptions in a very faint early Renaissance script. These plates 
should be investigated further to see whether or not the metal is the same as that of the rest of the 
instrument. 


3 A remarkable instrument probably from Syria and a later copy 

The more one looks at instruments one does not really understand, the more one can learn. 
I had written descriptions of the following objects in 1984 and 1990, respectively, without even 
noticing their most significant feature, which came to light during my instrument seminar at 
Frankfurt University in May, 2004. 

3.1 An astrolabic plate with myrtle markings on one side and a universal projection on the other, 
signed by ‘All al-Wada'i and datable ca. 1250 


International Instrument Checklist #4026. 

London, Ahuan Gallery. Until recently, Rockford, Ill., Time Museum, inv. no. 3529. Acquired at 
Sotheby’s, London, 31.03.1978. Earlier provenance ?? 

Brass with silver inlay. Diameter: 17.0 cm. 

Bibliography: Rockford TM Catalogue , I-1, pp. 168-173 (no. 22), by Anthony J. Turner and this author 
(misdated to 1375-1425); also King, “The Astrolabe of al-Wada c l”, first published in idem. Studies, 
VIII. 

The instrument displayed in Figs. 3.1a-b is not dated but, by virtue of various features, it can 
be securely attributed to the 13 th century. The inscription on the kursi is cunningly wrought 
so that the same text: 


Jc. <_Uc. 

can be read from either side, a kind of palindrome: see Fig. 3.1c-d. I am not aware of any 
other such palindrome in Islamic metalwork. 6 It identifies the maker as c All al-WadaT, an 
individual whose name is new to the modem literature on medieval Islamic instrumentation. 
The name 'All is written simply c ayn-ldm, that is, the final ya is suppressed; this calligraphic 
feature is associated with a variety of script called mu‘amma \ 7 The nisba al-Wada'l indicates 


6 Compare the ceremonial iron anchor from 16th-century Iran preserved in the Musee des arts decoratifs in 
Paris. Here an epigraph in elegant muhaqqaq script is superposed on an arabesque pattern, neither element intruding 
on the other, and both set within a rectangular frame. See Melikian-Shirvani, Le bronze Iranien, p. 104, and Welch, 
Calligraphy in the Arts of the Muslim World, pp. 146-147 (no. 60). Again there is an openwork steel plaque from the 
door of a tomb from 17th-century Iran in The Art Institute of Chicago. Here a verse from the Qur'an is written in 
elgant thuluth script over a delicate background of arabesques. See Welch, op. cit., p. 145 (no. 59). Finally, I 
mention a similar kind of inscription in quatrefoil frames as well as a remarkable pierced ruler, both from 16th- 
century Iran, featured in Atil et al., Islamic Metalwork in the FGA, pp. 195-196 (no. 28). In November, 2004,1 saw 
for the first time two spectacular wrought iron plaques of the same kind (both ca. 77 x 27 x 1 cm) apparently from 
the gates of 14th-century Baghdad (one text is Qur’anic, the other mentions Dar al-Salam). These are now preserved 
in the Museum of Islamic Art in Doha, Qatar, and are illustrated in Frankfurt MAK 2004 Exhibition Catalogue, 
pp. 146-149. 

7 This is not well documented in the standard literature on Islamic calligraphy. The article EI 2 article “Muamma 1 ” 
by C. Edmund Bosworth deals with secret codes, which are called by the same name. 
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a 


Figs. 3.1a-b: The front and back of the astrolabic plate of c All al-WadaT (#4026). [Courtesy of the The Time 
Museum, Rockford, Ill.] 
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Fig. 3.1c-d: The inscription on the throne, viewed from the front and the back. Is this palindrome unique in 
Islamic metalwork? 


that either he or his ancestors hailed originally from the Yemen. 8 However, this astrolabe is 
without a doubt of Egyptian or Syrian provenance. The main markings are specifically for the 
latitudes 30° and 36°, which correspond to Cairo and Aleppo, respectively. This is a rare feature 
on instruments of this period; indeed; the only other documented instrument serving two 
specific localities is a 14 th -century ivory quadrant preserved in the Benaki Museum in Athens, 
which bears markings for the two latitudes 30° and 33°, serving Cairo and Damascus (see Fig. 
X-1.6). Syria and Egypt were united under the Ayyubids in the late 12 th century: what better 
way for an astronomer to celebrate the union than to construct an instrument serving a major 
city in each region? There was a vigorous tradition of astronomy in Syria and Egypt in the 
12 th century (mainly Syria), 13 th century (Egypt), and 14 th century (Syria), and al-WadaT’s 
astrolabe is representative of the earlier phase of this tradition. 


al-Suyutl, Lubb al-lubab fl tahrir al-ansab, 1840 edn., p. 272. 
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This having been said, and it is more or less what I said already some 20 years ago, I now 
realize that it cannot be too strongly maintained that 36° was intended for Aleppo, because 
that latitude was also used for pedagogic purposes as the middle of the 4 th climate, indeed, 
as the middle of the inhabited world. And lest the reader think that this is somewhat strange, 
we recall that even a century later, Najm al-Dln al-Misrl, based in Cairo, used 36° for all of 
his calculations, thus rendering his tables only of theoretical interest to his readers (see Fig. 
X-1.8). If Aleppo was not specifically intended, then the piece must have been made in Cairo. 
(I contemplated removing it from this study, but thought better of that.) 

Since the stars move slowly around the ecliptic at a rate of ca. 1° per 70 years, the position 
of the star Regulus, close to the ecliptic, can conveniently be used to date medieval instruments. 
In this case, the pointer for Regulus on the universal grid (see below) is at ecliptic longitude 
ca. 138 V 2 °, which correponds to ca. 1200. Also, the equinox on the calendar scale (see below) 
corresponds roughly to Adhar (= March) 11-12, although at the beginning of the 13 th century 
it actually occurred about midday on March 13. However, a dating to the 13 th century is contra¬ 
dicted neither by the nature of the calligraphy nor by what we know about the development 
of non-standard astrolabes. All that is lacking is an environment for this piece. 

One side of the astrolabe—see Fig. 3.1a —bears markings of the standard zarqalliyya type, 
representing stereographic projections of the equatorial and ecliptic coordinate systems 
superimposed one upon the other. The alidade, which would have been fitted with a 
perpendicular rule that could be moved along the length of the alidade, is now missing. With 
this at hand, one could convert celestial positions from one coordinate system to the other. 
Numerous examples of zarqalliyya plates survive on astrolabes of varied geographical 
provenance. 

On al-WadaT’s zarqalliyya the positions of some 19 stars are indicated by inlaid silver studs, 
but the stars are not named. Presumably, a seasoned medieval astronomer would know which 
stars the studs were intended to represent. On the rim there are four scales, one in each quadrant, 
and each running from 0° to 90°. Since these scales start from the top or bottom of the 
instrument, they would not have been intended for measuring celestial altitudes. 

The other side of the instrument—see Fig. 3.1b —displays “ogival” altitude markings for 
latitudes 30° [Cairo] and 36° [Aleppo (?) or the 4 th climate (?)]. Such markings were called 
maftuh (= “open”) in medieval Arabic technical vocabulary, and they are rarely represented 
on astrolabe plates. The only advantage is that markings for two latitudes can be engraved on 
one plate. Here markings for each 6° are engraved for latitude 30°, and markings for each 5° 
for latitude 36°. This accounts for the apparent symmetry of the two sets of markings, which 
is deceptive. 

Now the markings are bounded by the celestial equator, which means that the ecliptic on 
the rete was similarly limited. This means that we are dealing with an astrolabe of the myrtle 
type (see further XHId). The myrtle rete illustrated by al-Blrunl is shown in Fig. 3.1e, and 
the markings for a single latitude to serve a myrtle rete as illustrated by Najm al-Dln al-Misrl 
are shown in Fig. 3.If. The advantage of the myrtle rete is that the two halves of the ecliptic 
are symmetrical. Maybe al-Wada c l was unable to resist the temptation to represent both halves 
of the ecliptic on a single arc (see 9). 

A disadvantage of the “open” altitude markings is that one has to be a fairly competent 
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astronomer in order to use them. The basic function of the astrolabe, which is to display the 
instantaneous configuration of the heavens relative to the local horizon, is lost: with these 
markings we have progressed to a mathematical abstraction. Also, the markings for each 
latitude are discontinuous at the meridian: some caution is necessary in using them for 
operations that involve moving from one quadrant to the other. The amount of rotation of the 
rete from one position to another, which is a measure of the passage of time, must take into 
consideration these discontinuities. Of course, this side of the instrument can only be used with 
a rete, now missing. Probably the original rete was a regular astrolabic rete; a more sophisticated 
rete would not achieve any purpose. Another apparent disadvantage is that no azimuth circles 
are shown, but the medieval astronomers knew enough about the mathematical equivalence 
of the two problems of determining the hour-angle and the azimuth from an observed celestial 
altitude at a specific latitude that they could determine azimuths using altitude curves. 

Around the circumference are various scales. The second of these (counting from the rim) 
runs clockwise from 0° to 360° starting at the bottom. The first (upper half) has two scales 
from 0° to 90° starting at the sides. These scales are, for some reason, inlaid in silver. The 
first (lower right) bears a scale from 0° to 90° starting at the side: this was probably intended 
for measuring celestial altitudes. Thus there would have been an alidade on top of the rete, 
indeed a curious arrangement. (As we have observed, the scales on the front of the instrument 
are inappropriate for measuring altitudes, even though there was an alidade on that side.) The 
first (lower left scale) is for measuring the shadow length with standard medieval base twelve 
for an altitude displayed on the opposite quadrant. The three inner scales are for finding the 
solar longitude corresponding to any date in the Syrian calendar or the (Egyptian) Coptic 
calendar. Since both calendars are represented, and both [Aleppo (?)] and [Cairo] are served 
by the instrument, it is still impossible to decide conclusively whether the astrolabe was 
constructed in Egypt or Syria. 

Two small holes have been deliberately and carefully drilled through the instrument on the 
lower half of the outer scale at 30° below the east-west line: what function these could have 
performed is not clear, though see below. 

In brief, the instrument is much more interesting than most medieval astrolabes, in that it 
could only have been used by a very competent astronomer. Yet the zarqalliyya plate achieves 
only one coordinate transformation; a single shakkaziyya plate with a special alidade or a double 
shakkaziyya grid, on the other hand, achieves any coordinate transformation. The plate for two 
latitudes works precisely for these. Yet there are four quadrants on each side of a plate: why 
not have markings for four latitudes? To serve as a “universal” Ayyubid instrument, markings 
for Damascus and, say, Jerusalem, would also be useful: see now 7* below. Maybe there was 
originally another plate that fitted on top of this one, secured in position by means of the two 
small holes on the rim. 

Finally, we draw attention to one aspect of the splendid universal astrolabe made by the 
Aleppo astronomer Ibn al-Sarraj in 729 H [= 1328/29] (#140), which survives in the Benaki 
Museum in Athens. This instrument can be used universally in five different ways (see 5.1). 
When he had devised all of these various parts for his instrument, Ibn al-Sarraj found that he 
had one side of one plate left over: this he used for “open” altitude markings for latitudes 30° 
(Cairo) and 33° (Damascus), even though he himself lived in Aleppo. Thus Ibn al-Sarraj’s 
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a b 

Figs. 3.2a-b: The front and back of the copy (#4027). [Courtesy of Christie’s of London.] 


astrolabe performs each of the functions of that of his predecessor al-Wada c l and more, more, 
in fact, than any other astrolabe ever made in either the Near East or Europe. 

3.2 A later copy 

International Instrument Checklist #4027. 

London, Ahuan Gallery, acquired 1990. 

Brass, diameter 38.7 cm, thickness 1 mm. 

Bibliography: Described by D. A. King in Christie’s London 27.9.1990 Catalogue, p. 39 and insert (lot 
189). 

One of the many questions surrounding al-WadaT’s instrument is how it came to pass that 
someone two or three centuries ago made a faithful copy of it more than twice as large as the 
original. The maker was perhaps working in India, where it became a tradition to make very 
large instruments. The palindrome inscription is gone, and the latitudes 30° and 36° are not 
identified on the copy. The maker was a competent astrolabist but did not have the initiative 
to construct either a new rete or a new alidade with movable cursor for his copy. The engraving 
is in an elegant kufi script, with a distinctive lam-alif ligature resembling a pair of crossed 
swords, but this is not necessarily mean that the instrument is early. The use of sad for sin 
(= 60) indicates Western Islamic influence, which complicates the matter still further. Again, 
an environment is lacking, and, this time, a motive as well. Both instruments are now with 
the same owner in London. 
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Figs. 4a-b: The front and back of the astrolabe of the young Ibn al-Shatir (#6). [Courtesy of the Observatoire de Paris.] 
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4 A standard astrolabe by Ibn al-Shatir, dated 1325/26 

International Instrument Checklist #6. 

Paris, Observatoire de Paris. Donated by Count Pertuis of Beirut. 

Brass. Diameter: 162 mm. Thickness: 8 mm. 

Bibliography: See Gunther, Astrolabes, I, p. 121 (no. 6), with a copy of the inscription; and Mayer, 
Islamic Astrolabists , p. 42 (lists the maker separately from Ibn al-Shatir). The first description is in 
Paris IMA 1993-94 Exhibition Catalogue, p. 435 (no. 331). Various popular works have featured 
illustrations. 

This astrolabe is a splendid example of a Mamluk astrolabe of the standard variety. It is signed 
by c All ibn Ibrahim ibn Muhammad ibn Abl Muhammad ibn Ibrahim, who is without doubt 
to be associated with Ibn al-Shatir, if as a young man, even though the elegant thulth calligraphy 
of the inscription is different from that on his other instruments. 

The front and back of the throne are decorated with an intricate foliated design, and the 
suspensory apparatus is missing. The scale of the rim is divided and labelled for each 5° and 
subdivided for each 1°. The mater itself is lightly engraved close to the rim with a double circle, 
which has no astronomical significance, and there is a peg at the bottom to hold the plates. 

The rete is in the late Abbasid tradition. The equinoctial bar is rectilinear and there is a short 
solstitial bar of the same width between the central disc and the northern ecliptic. There is a 
handle at the left-hand end of the former bar. The equatorial bar is interrupted near its ends 
by two roughly semi-circular arcs (open downwards) that accommodate two long pointers 
attached to the circumferential frame. The one for ( al-)kaff al-jadhma' on the left is so long 
that its tip ends on the frame anyway, and likewise the pointer for al-sarfa is engraved over 
the ecliptic frame at the end of Leo and Virgo. Each sign of the ecliptic is divided into 6°- 
intervals, and the names of the signs are standard. The star-pointers are dagger-shaped, most 
straight, a few curved, and a few even talon-shaped. The 31 stars represented are: 


asl dhanab qaytus 
kaff al-jadhma 
ghul 

c ayn al-thawr 
al-'ayyuq 
rijl al-jawza 
mankib 
mirzam 


al-a'zal 

al-qaid 

al-rdmih 

fakka 

c unuq 

jabhat al- c aqrab 
al-hawwa 


qalb al-asad 


al-han c a (lunar mansion) 


al-yamaniya 

al-sha'amiya 

al-fard 


waqi c 

al-tair 

dtdfln 

ridf 

jahfala 

dhanab al-jady 
mankib 
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qaidat al-batiya 
al-sarfa 


khadlb 

dhanab qaytus 


The four plates bear altitude circles for each 6° and azimuth circles above or below the horizon 
for each 10° (indicated by + or - below). The arguments for both sets of curves are labelled 
on both sides; for azimuth curves above the horizon the arguments are just above the horizon 
continuing around the circumference to the meridian, and for those below it, they are just below 
the horizon and below the central “crescent”. Also, the seasonal hours are numbered in abjad 
notation. The words al-maghrib and al-mashriq are engraved at the ends of the horizon. The 
following latitudes are served, the lengths of longest daylight being also given: 


la 

+ 

21° 

13; 17 h 

[0] 

lb 

- 

24 

13;30 

[0] 

2a 

- 

29;56 

13;56 

[0] 

3a 

- 

32 

14; 7 

[0] 

2b 

+ 

33;30 

14; 14 

[0] 

3b 

- 

35 

14;22 

[0] 

4a 

+ 

36;30 

14;31 

[0] 

4b 

+ 

66;25 

24 h 

[0] 


Ibn al-Shatir has here used the obliquity of the ecliptic 23;35° accepted by Ibn Yunus and al- 
Marrakushl (note that his values for the lengths of daylight are all accurately computed for 
this parameter); his own derivation of the more accurate value 23;31° took place later. 

The specific latitudes are clearly intended to serve Mecca, Medina, Cairo, Jerusalem, Da¬ 
mascus, ?? (Hims, Hama or Tartus), and Aleppo, the major localities in the Mamluk world. 
Significant is the latitude 29;56° used for Cairo: al-Marrakushl had used 29;55° in his 
compendium, whereas Ibn Yunus three centuries previously had measured more accurately 
30;0°. The value 29;56° must have been recently measured and soon thereafter rejected; it is 
not recorded in any other known source. 

The back bears two altitude scales divided for each 5°, subdivided for each 1° and labelled 
for each 5°. Inside these is a double sine quadrant with parallel horizontals and verticals for 
each 5° up to 80°. Below the horizontal diameter on the rim there are unmarked horizontal 
shadow scales to base 7 (left) and 12 (right), divided and labelled for each 3 up to 21 and 33, 
respectively, and subdivided for each 1 unit. The remaining space below the horizontal diameter 
is devoid of markings but for the inscription in the upper part of the right-hand quadrant: 

“Constructed by ‘All ibn Ibrahim ibn Muhammad ibn Abl Muhammad ibn Ibrahim in 

the year 726 [= 1325/26].” 

Note the incorrect shadda on the ya in sabHmia. Ibn al-Shatir’s great-grandfather is more 
often referred to as Humam, and from this inscription we learn that his name was Abu Muham¬ 
mad Humam. 
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The alidade is rectilinear and without markings. The vanes are unusual in that they have a 
circular protrusion on the top with a third hole. The pin has a thread that fits into a wing-nut. 

5 Two instruments by Ibn al-Sarraj of Aleppo 
5.1 A quintuply-universal astrolabe dated 1328/29 

International Instrument Checklist #140. 

Athens, Benaki Museum, inv. no. 13178 (formerly A.a.28). Owned by a series of Egyptian astronomers 
from the 15 th to the 19 th century (see below). Purchased by the Greek art-collector and benefactor 
Antonis Benaki (b. Alexandria, 1873, d. Athens, 1859) from Ali Bey in Baghdad in 1921. 

Brass. Diameter: 158 mms. Thickness: 6 mms. 

Bibliography: Gunther, Astrolabes, pp. 285-286 (no. 140: “If this instrument ... be all of one period, 
it is an important and early example”), and fig. 133 on p. 286 (front only); King, “Astronomy of the 
Mamluks”, p. 544-545; idem, “Strumentazione”, pp. 165, 171, and 175; and idem, “The Astronomical 
Instruments of Ibn al-Sarraj”, in Studies, B-IX, for a summary). The first published description is in 
Paris IMA 1993-94 Exhibition Catalogue, pp. 434-435 (no. 330). On the star-positions see Stautz, 
Mathematisch-astronomische Darstellungen auf mittelalterlichen Instrumenten, pp. 66 and 69 (SA8) 
and fig. 3.6g on p. 213. The instrument and its mode of operation is described in greater detail in 
Charette & King, The Universal Astrolabe of Ibn al-Sarraj, forthcoming. 

This is without doubt the most sophisticated astronomical instrument surviving from the Middle 
Ages and probably the most sophisticated ever made between Antiquity and 1600. It is carefully 
and beautifully engraved, with the inscriptions written in unpointed kufi. Not only is the 
instrument complete, but additional inscriptions attest to its fate in the Middle Ages. It was 
still in Egypt in the 19 th century but somehow it ended up in Baghdad, where Benaki acquired 
it in 1921. Also, we are fortunate in possessing a set of instructions on the use of all of its 
component parts. In view of the fact that Francois Charette and I have an detailed study of 
this instrument as well as its modus operandi, based on all the available texts, I shall refrain 
here from a full description. It is, however, worth pointing out that Ibn al-Sarraj wrote a treatise 
on a simpler version of the universal astrolabe, with a calendrical scale around the front rim: 
this is the instrument later “reinvented” by John Blagrave (Reading, 1585): see Fig. X-5.2.5. 

In short, one can use the half of the rete that resembles one-half of a standard rete firstly 
with the universal shakkdziyya plate, secondly with the plate of horizons, and thirdly with a 
series of quarter-plates serving all latitudes. Then one can use the shakkdziyya part of the rete 
with the universal shakkdziyya plate, and finally one can use the trigonometric grid on the back 
to solve any of the standard problems of spherical astronomy for any latitude. These, then, 
are the five different ways in which the instrument can be used universally. 

The throne is composed of interwoven fronds, elegantly worked. It is similar to, but less complex 
than that of al-Nisaburl (2 above), although it is now pierced like that of al-Wada c ! (3 above). 

The rete is composed of two sets of markings. The upper half is a semicircular shakkdziyya 
grid with declination and meridian circles drawn for each 6° of argument. The horizontal 
diameter is marked for each 6° of azimuth. The lower half of the rete displays the ecliptic and 
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SMM 

mir 



Fig. 5.1a: The front of the astrolabe of Ibn al-Sarraj (#140). [All photos courtesy of the Benaki Museum, Athens.] 
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Fig. 5.1b: The back, showing the remarkable trigonometric grid and an ingenious solar calendrical scale. There is a 
problem here: the equinox is at Adhar 10, which corresponds to the 17 th century! I would have expected Adhar 12.5 
(see Turner, “Dating Astrolabes”, p. 550). We note that the solar table of al-Tlzlnl (Damascus, mid 15 th century) has 
a solar longitude of 0;3° for Adhar 11, presumably for midday at Damascus (MS Paris B.N. ar. 2558, fol. 8v). This 
feature of Ibn al-Sarraj’s scale demands further investigation; I have not observed any problems of this kind with 
other Mamluk scales. 







SOME ASTRONOMICAL INSTRUMENTS FROM MEDIEVAL SYRIA 


697 



star-pointers. The two halves of the ecliptic north and south of the celestial equator have been 
superposed one upon the other, as have the two halves of the star chart representing the stars 
north and south of the celestial equator. Some 19 stars are displayed on the rete: 


al-qaid 

al-hadi 

suhayl 

al-fard 

al-rdmih 

al- "ayyitq 

al-tair 

qalb al-asad 

al-ghul 

al-dubb 

al-dulfin 

fam al-hut 

al-zubana 

al-hawwa 

al-ridf 

al-mankib 

fakka 

al- c abur 

rukba 



The positions of the stars are accurate for the epoch of the instrument (Stautz). 

The five plates constitute a remarkable testimony to the ingenuity of Ibn al-Sarraj. Eight sides 
each display four quadrants of astrolabic markings for four different latitudes, and together 
serving each 3° of latitude from 3° to 90°, as well as 31°, 33;30°, and 36;30° (for Alexandria, 
Damascus, and Aleppo): see Fig. 5.1e. Since the markings of one-half of an astrolabe plate 
do not fit exactly in a quadrant, the excess markings have been folded over so as indeed to 
fit in a quadrant. Another side bears a complete set of shakkaziyya markings on one side. Yet 
another—see Fig. 5.1f —bears two half sets of altitude circles above and below the horizon 
for latitudes 30° and 33° (see 3.1). The mater bears eight sets of four half-horizons symmetri¬ 
cally arranged, each set inclined at 45° to the next. The latitudes for each arc are labelled, and 
the eight sets serve latitudes between 11° and 48°: see Fig. 5.1g. 

The back bears the usual altitude scales with which, using the alidade fitted with sights, one 
can measure the altitude of the sun or stars. The grid on the upper half of the back of Ibn al- 
Sarraj’s astrolabe is of a kind unattested on any other medieval scientific instrument. It consists 
of the declination circles of two orthogonal sets of shakkaziyya markings, drawn for each 5° 
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Figs. 5.1e-g (e) One of the plates, serving latitudes 27°, 30°, 33° and 36°. 

(f) Another serving latitudes 75°, 78°, 81° and 84°. There are six other sets of such markings. 

(g) The side with “open” markings for latitudes 30° (left) and 33° (right). Each set is one-half of a complete 
set of altitude circles for a full myrtle plate (compare Fig. 3a). Note that the altitude circle for 30° below the 
horizon at latitude 30° is a straight line. 

(h) The markings for the horizons on the mater. 
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j 


Figs. 5.1 i-j: (i) The rete over one of the plates with musattar markings for four different latitudes, 
(j) The rete over the plate with the two sets of half-markings for latitudes 30° and 33°. 


of arguments, and is to be used in conjunction with the larger of the two alidades. The lower 
half of the back of the astrolabe bears semicircular scales for finding the solar longitude from 
the date in the Syrian calendar. The vernal equinox corresponds to the end of Adhar 10 (see 
the caption to Fig. 5.1b). Inside these scales on Ibn al-Sarraj’s astrolabe are two shadow 
squares, the one on the right for base (i.e. gnomon length) 12 and the one on the left for base 
7. 

The inscription below the centre of the back reads: 


da£3 Alla) ^3 J A a! (jl Aa^.1 (JaC 


“Made by ( c amal ) Ahmad ibn al-Sarraj for Muhammad ibn Muhammad al-Tanukhl 

in the year 729 (Hijra) [= 1328/29].” 


al-Tanukhl has not yet been identified. 

The alidade bears two different non-linear scales for use with the trigonometric grid on the 
back of the astrolabe. The radial rule bears a non-linear scale for measuring the declination 
of the stars and ecliptic positions on the rete and to serve as a variable horizon on the 
shakkaziyya plate. It bears additions by al-Wafah, who mentions these in his treatise. 

To use this astrolabe one has to be completely in control of the underlying principles, and 
keep ones wits about one to make sure one is using the appropriate quadrant or semicircle of 
latitude-dependent markings. Figs. 5.1i-j show the instrument ready to use in two of the possible 
combinations. As I see this volume through second proof (December, 2004), Frangois Charette 
is completing the commentary to our forthcoming joint publication on this splendid piece. 

Later additions: There are four notices of possession engraved around the rim, the first inlaid 
in silver although much of the silver is gone now. The inscriptions read: 
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(1) “Property {milk) of Ahmad al-Rlshl (in the) year 830 (H) [= 1426/27]”—Ahmad al- 
Kawm al-Rlshl was one of the leading astronomers in Cairo in the late 15 th century: 
he prepared a recension for Cairo of the astronomical handbook (zij) of Ibn al-Shatir. 9 

(2) “Owned by ( malakahu ) c Abd al- c Azlz al-Wafah al-Miqat! in the year 854 (H) [= 1450/ 
51]”—al-Wafa’i (died ca. 875 H [= 1475]) was one of the leading astronomers of Cairo 
in his time, and his interest was mainly in astronomical instruments. It was he who wrote 
the treatise on the use of this instrument, complaining that Ibn al-Sarraj had not done 
so. It is much to al-Wafah’s credit that he could understand every part of this instru¬ 
ment. 10 

(3) “Owned by Muhammad ibn Abi T-Fath al-Sufi (in the) year 885 (H) [= 1480/81]”— 
al-Sufi (died ca. 910 Hijra [= 1510]) was another leading astronomer of medieval Cairo, 
responsible for a recension for Cairo of the astronomical handbook of Ulugh Beg of 
Samarqand, and also for a number of treatises on instruments. * 11 

(4) “Owned by ‘All Abu Bakr al-Khashshab (in the) year 1273 (H) [=1856/57]— c All al- 
Khashshab was muwaqqit at the Jami c al-Bahr in Damietta, author of some astronomical 
works and former owner of several of the scientific manuscripts now in the Egyptian 
National Library. 12 

5.2 An unsigned mater from a standard astrolabe 

International Instrument Checklist #4037. 

London, Nasser D. Khalili Collection, inv. no. 3. Acquired from Alain Brieux in Paris in 1982. Earlier 
provenance? 

Brass. Diameter: 158 mm. 

Bibliography: London Khalili Collection Catalogue, I, p. 218 (no. 125), with colour photos of the front 
and back: “probably Iran, 14 th century”. 

This mater is adorned with the same elegant kufi script as the Benaki astrolabe, and I suspect 
that it is also due to Ibn al-Sarraj. One may, for example, compare the disinctive forms of the 
‘ayn for 70 on the front of the mater with that on the back of the Benaki piece. 

Each side of the throne has two circular lobes flanked by an extended one and a ripple on 
the outside. There are two circular holes. The suspensory apparatus appears to be original. The 
scale of the rim is marked without hundreds or tens. 

Inside the mater is a plate of eight sets of half-horizons (unusual) for latitudes: 


13° 

23 

33 

43 

53 

14 

24 



54 

19 

29 



59 

20 

30 

40 

50 

60 


9 Suter, MAA, no. 428, and Cairo ENL Survey, no. C41. 

10 Suter, MAA, no. 437, and Cairo ENL Survey, no. C61. 

11 Suter, MAA, nos. 447/460 (confused), and Cairo ENL Survey, no. C98. 

12 Cairo ENL Survey, no. D120, and Cairo ENL Catalogue, I, p. 750. 
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Fig. 5.2a-b: The front and back of the unsigned mater (#4037). Note the throne, which is typical of Iranian 
astrolabes (compare Figs. XIIIa-6.1 and 6.2). If the piece is by Ibn al-Sarraj, one may wonder what he was 
doing making standard astrolabes, and if it was just to make an honest living, why he never finished the markings 
on the back. [Photos from the archive of the late Alain Brieux, courtesy of Dominique Brieux.] 


From the omissions in this matrix it is perhaps possible to deduce that there were originally 
plates for latitudes: 

21;30° (21722°) 31° 32° 41;30° (41742°), 

which would ensure that Mecca, Alexandria, Jerusalem and Constantinople were represented, 
as well as 36° for Aleppo and 33° or 33;30° for Damascus. On each axis there is a declination 
scale marked 6°-12°-18°-23;35° on both sides of the equinoctial circle. 

The back bears two altitude scales divided 5°/l°-5°. In the upper left quadrant there is a sine 
quadrant with horizontal parallels for each 3° up to 60° and then each 5° up to 80°. On the 
rim of the lower left quadrant there is a shadow-scale to base 12 labelled zill asabi c and opposite 
this is an unmarked scale which serves to find the [solar altitude at the beginning of the c asr 
prayer] as a function of the meridian altitude, which one must feed in on the scale of the upper 
left quadrant. The remaining markings are later—see below. 

The alidade is counter-changed at the middle and not marked. The pin has a button divided 
into ten sectors. 
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Figs. 6.1a-b: The front and back of the quadrant of al-MizzI (#5005). [Courtesy of the Davids Samling, 
Copenhagen.] 



Figs. 6.1 c-d: Details of al-Mizzi’s quadrant (#5005). [Photos by the author, courtesy of the Davids Samling.] 

(c) Part of the horizon and two star-positions. 

(d) Detailed investigation should be undertaken to see whether the axial semicircles and declination quadrant 
are original. Certainly, this does not look like the work of the master. 
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Later markings: In the upper right quadrant of the back there is a universal horary quadrant, 
and below the horizontal diameter there is a double shadow box (base 7 and 12). All of these 
markings and the unhappy inscription in Ottoman naskhl script on the horary quadrant — hudud 
sa at zamaniyya fl kull c ard s, that is, the limits of the seasonal hours for all latitudes (up to) 
90°”—postdate the mater by several centuries. 


6 Two instruments by Muhammad ibn Ahmad al-Mizzi 
6.1 An astrolabic quadrant dated 1329/30 


International Instrument Checklist #5005. 

Copenhagen, Davids Samling, inv. no. 16/1988. Purchased in Damascus ca. 1850 by the grandfather 
of Ruth Paulding of California, later given to Ruth Paulding and by her to her cousin, Professor John 
Carswell, in 1973. Auctioned at Sotheby’s of London on 13.4.1988. 

Brass. Radius: 155 mms. 

Bibliography: Mayer, Islamic Astrolabists, pp. 61-62, mentions four quadrants by al-Mizzi but not this 
one. See Fehervari, “Quadrant of al-Mizzi” for a detailed non-technical description of this piece, as 
well as London Sotheby’s 13.04.1988 Catalogue, p. 122 (lot no. 267) with illustrations of the front 
and back, and Copenhagen DS Catalogue, pi. 362 on p. 214 (colour illustration of front). A new 
description is in Paris IMA 1993-94 Exhibition Catalogue, p. 438 (no. 333). See also Morley, “Arabic 
Quadrant”, for another instrument by al-Mizzi. 


The front bears an inscription outside the outer scale: 


(Jj Aiuj j ^ i'.‘ a Ju Aa^a (jj (jAjhnl lAa.^ A — 


“Constructed by Muhammad ibn Ahmad al-Mizzi for Sulayman ibn Muhammad ibn 
Sulayman in Damascus in the year 730 (H) [= 1329/30].” 

There are two sights at either end of the meridian. The horizon is marked “the horizon for 
latitude 33;30°”. There are altitude circles for each 3° that are continued inside the circle for 
the summer solstice, and within that circle even below the horizon (for what purpose it is not 
clear). The southern ecliptic is divided for each 3° by dots; there are no divisions on the northern 
ecliptic. There is a curve for the c asr, so marked, and two unmarked curves, the lower one 
concave upwards spanning the two outer circles, and the upper one convex upwards incorrectly 
spanning points on each branch of the ecliptic. These appear to serve the determination of the 
duration of morning and evening twilight, the lower one to be measured from the bottom (0°) 
of the outer scale and the upper one to be measured from the other end of the outer scale. The 
names of 13 stars and their right ascensions (normed, that is, measured from Capricorn 0°) 
are written below the horizon and also along the meridian: 

al- r 'ayyuq al-fard 

awwal al-mintaqa qalb al-asad 



704 


PART XlVb 



Fig. 6.2a: This universal plate in a Maghribi astrolabe (#1204) constructed by al-Husayn ibn ‘All in Tunis in 
709 H [= 1309/10], was made separately by al-MizzI in 734 H [= 1333/34], It is unclear how the plate came 
to be part of the astrolabe. [Photo by the author, courtesy of the Whipple Museum for History of Science, 
Cambridge.] 


rijl al-jawza 
yad al-jawza 
al-yamaniya 
al-ghumaysa 
sadr al-dubb 


janah al-ghurab 
al-a c zal 
al-j-w-b - 3 (?) 
al-tair 


The main markings on the back are a set of horizontal and vertical parallels for each unit. The 
intersections of each fifth are dotted, as are the lines for 12 units, which serve to find the solar 
altitude at the c asr . There are two axial semi-circles for finding sines and cosines and an 
unlabelled double (carelessly-drawn) quarter-circle with radius 24 units for finding the 
declination. 


6.2 An Ibn Baso-type plate dated 1333/34 

International Instmment Checklist #1204. 

Cambridge, Whipple Museum of the History of Science: inv. no. 1759. Earlier provenance? 

Brass. Diameter: 144 mm (mater). 

Bibliography: The plate is not mentioned in Mayer, Islamic Astrolabists, pp. 61-62. See now Calvo, 
“Ibn Baso’s Universal Plate”, pp. 763-764. 

The Cambridge instrument of the Maghribi astrolabist al-Husayn ibn c Al! contains a spurious 
plate signed by al-Mizzi. Either this astrolabe, made in Tunis in 709 H [= 1309/10], actually 
came into the hands of al-Mizzi, and he made the plate especially for it—which is unlikely— 
or the plate was taken from one of his own astrolabes. In any case the plate raises interesting 
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questions about the transmission of the “Western” “Ibn Baso-type plate to the Mamluk world. 13 
The kufl inscriptions on the plate strongly resemble those on the plates of al-Husayn ibn c Ah. 

On one side there are altitude circles for each 6° and azimuth curves for each 10° “for all 
localities with latitude 13°”. This unusual choice of latitude argues against al-Mizzl having 
made the plate especially for this latitude. The meridian, the altitude circle at altitude 18° and 
that for 60°, as well as the prime vertical, are all in fish-bone. The hours are written in words. 
On the other side there is an Ibn Baso-type projection with the inscription: 

Aijoi . Vi a . A 1 ^)J * | 

“The universal plate for all latitudes ( al-saflha al-jcunfa li-’l-'urud ) constructed by 
Muhammad ibn Ahmad al-Mizz! in Damascus in the year 734 (Hijra) [= 1333/34].” 

7 An unsigned undated Mamluk astrolabe copied from one by al-Mizzl 

International Instmment Checklist #4164. 

Cairo, Museum of Islamic Art: 15368. Formerly in the Harari Collection (no. 401). Earlier provenance? 
Brass. Diameter: 162 mm. Thickness: 4 mm. 

Bibliography: None. 

The use of al-Mizzl’s distinctive parameters of 33;27° for the latitude of Damascus and 23;33° 
for the obliquity of the ecliptic (see 1-2.1.3 and II-9.2) is a sure indication that this instrument 
is to be associated with al-Mizzl. However, there are some problems of orthography and 
astronomical parameters, and these I take to be an indication that the instrument was copied 
from one by him. The instrument is important in that it shows clearly the kind of astrolabe 
for which al-Mizzl was famous. 

The throne is basically triangular with a small prominent protrusion followed by three ripples 
on either side of a circular protrusion at the centre. There is a snake-like double line around 
the rim of both the front and back of the throne. The simple head-set-type shackle bears a 
circular ring with diamond-shape cross-section. The mater and rim are of one piece. The scale 
of the rim is divided 5°/l°-5° (without hundreds). The hole inside the rim of the mater is about 
2.5° to the left of the bottom of the rim. See below on a curious appendage. 

The rete is unusual, and distinctive in design. The equinoctial bar extends only inside the 
ecliptic and has semicircular frames (open downwards) at both ends. The solstitial bar extends 
also only within the ecliptic, the part above the central disc consisting mainly of two circular 
frames (the upper one actually slightly pear-shaped). The circumferential frame has two 
semicircular insets at the middle of each of the lower quadrants. A roughly V-shaped frame 
consisting of two fronds of circular arcs joins the equinoxes to the circumferential frame; an 
additional arc on either side joins the upper parts of the fronds to the circumferential frame 
again. The various frames have been skilfully designed to bear the star-pointers in an optimal 


13 This is discussed in Calvo, “Ibn Baso’s Universal Plate in the Maghrib and East”. 
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Collection, Jerusalem, courtesy of the late Alain Brieux, Paris.] 
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arrangement. The scale of the ecliptic is divided for each 6° (without labels). The star-pointers 
are either talon-shaped or flame-shaped. The 32 (= 11 + 5 + 8 + 8) stars represented are as 
follows: 


dhanab qaytus 

rijl al-ghurab 

ra’s al-muthallath 

al-a'zal 

[jasad] qaytus see below 

al-ramih 

al-jadhma 

simak al-zubana 

al-ghul 

awsat thalathat al-jabha 

c ayn al-thawr 

al-fakka 

al- c ayyuq 

c umiq al-hayya 

al-yusra 

al-hawwa 

al-yad al-yumna 


al-yusra 

al-waqi 

al-rijl al-yumna 

al-tair 


dhanab al-dulfln 

al-^abur 

al-ridf 

al-sha* amiya 

sa c d nashira 

rukbat al-dubb 

fam al-[faras] see below 

al-fard 

janubi saq al-dall 

qaidat al-batiya 

al-mankib 

al-sarfa 



The components of two star-names are written incorrectly: the \jasad] of qaytus is written h- 
c d, the last two consonants being unconnected, and &\-\faras] is written al- c -r-s. This is surely 
an indication that the engraving was not done by the master al-Mizz!. There are no construction 
marks on the back of the rete. 

The mater and two plates bear altitude circles for each 6° and azimuth circles for each 10° 
above (+) or below (-) the horizon. The arguments for the former are between the two outer 
circles and those for the latter are between the horizon and the first altitude circle and then 
around the rim of the plates (or beneath the horizon and the “crescent” in the case of plate 
la). The seasonal hours are numbered in abjad notation and the words al-maghrib and al- 
mashriq are engraved below the horizon. The latitudes served are: 


M 

21° 

+ 

13;17 h 

[0] 

la 

30 

- 

14;17 

see below 

2a 

32 

+ 

14; 6 

[0] 

2b 

33;27 

+ 

14; 14 

[0] 

lb 

36 

+ 

14;27 

[-1] 


The lengths of daylight are based on al-Mizzi’s distinctive parameter 23;33°, and the distinctive 
value 33;27° for the latitude of Damascus was also used exclusively by him (and his emulators). 
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Fig. 7c: The astrolabe of Petrus Raimundus, made in Barcelona in 1375 (#3053). One may wonder whether the 
inspiration for the double semi-circular frames on the equinoctial bar and the circular frame on the upper vertical 
bar was in earlier Mamluk instrumentation. Here, in addition, we have a complete circular frame for the celestial 
equator and a large concentric semi-circular frame just inside the lower perimeter. See further the text to 
n. 21 in XV-1. [Object in the Museum of Fine Arts, Boston. Photo courtesy of the late Alain Brieux, Paris.] 
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The daylight for latitude 30° is in error: it should be 13;57 h . Apparently, the engraver combined 
an error of 14 for 13 (difficult to explain) and of 17 for 57 (easy to explain). In any case, al- 
Mizzl himself would have known better. The plates were clearly intended to serve Mecca, 
Cairo, Jerusalem, Damascus and Aleppo. The peg on plate 2 is broken off, and there are traces 
of solder at its base. Both plates are slightly thinner than the mater, each being just less than 
1 mm thick. 

The back bears a shakkaziyya grid. The surrounding scale is divided 571°-5° as four altitude 
scales, and there are curves for each 5° of both arguments (with no ascension curves for the 
last 5° of declination). The ascension arguments are written inbetween the declination curves 
for 25° and 30°. There are no markings for the ecliptic. With the alidade having no scale— 
see below—the shakkaziyya markings serve no useful purpose. 

The alidade, which appears to be original, is straight and has clef-shaped ends. The disc 
around the central hole has a circular “bite” taken out of it, which seems to be original. The 
sights have two holes, the lower one larger than the upper one. The pin has a low cylindrical 
head and the wedge is a rectangular piece of metal slightly thicker at one end. 

Commentary 

This is an interesting example of an unsigned astrolabe with a rete-design not attested 
elsewhere, whose milieu can be established simply by the parameters used on one of the plates. 
Certain medieval European astrolabes display the same double semi-circular frames on the 
equinoctial bar and circular frame on the upper vertical bar: see Fig. 7c for one example. 

Later additions 

There is a curious (or rather, absurd) boomerang-shaped piece of metal loosely attached by 
a nail at the bottom of the outer edge, which must be a later addition. 

7* An astrolabic plate for multiple latitudes 

International Instrument Checklist #4038 

Berlin, Staatsbibliothek, PreuGischer Kulturbesitz, Orientabteilung: Sprenger 2049. Formerly in the 
collection of the great orientalist Alois Sprenger (1813-93) (Fiick, Arabische Studien in Europa, pp. 
176-179). Earlier provenance uncertain (Sprenger travelled widely in the Near East). 

Brass. Diameter: 115 mm. 

Bibliography: London SM 1976 Exhibition Catalogue, p. 115 (no. 54), contains a brief description of 
this “simplified astrolabe” with “a certain eclecticism ... in its design”, in which, however, the complex 
nature of the markings is overlooked. 

This is a most unusual astrolabic instrument of considerable interest. Its sophistication leads 
me to suppose that it was made by one of the Damascus astronomers of the early or mid-14 th 
century. 

The instrument consists of a single plate engraved on both sides, each quadrant serving one 
specific latitude (if not two). The distinctive kufi engraving differs from those on other signed 
instruments from 14 th -century Damascus. 
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teilung: Sprenger 2049).] 
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The throne is low and lobed on each side, and there is an additional, rather remote lobe at 
each of its extremities (as on 14 th -century French astrolabes). The outer scales are divided 5°- 
175° from 0° to 90° clockwise in each quadrant. 

I label the quadrants on Fig. 7*a as Ql-4 (\ © 3 4 ) and those on Fig. 7*b as Q5-8 ( 5 6 © 7 8 ) 
and consider them in order of increasing latitude. The markings in the various quadrants are 
by no means the same, those in Q4 actually serving two separate latitudes. In each quadrant 
the markings are bounded by the circle for the winter solstice, so that we are dealing with a 
standard astrolabic projection. Within the circle for the summer solstice, altitude circles are 
engraved only for each 6°. 


Qi 

22° 

altitude circles for each 2° up to a limit (L) of 66° between the solstitial circles 
and for each 6° up to the zenith. The altitude scale is framed as on the plates of 
al-Khujandl (XIIIc-9). 

Q4a 

24° 

altitude circles for each 6° between the solstitial circles. 

Q4b 

27° 

as on Q4a, using the other axis as the meridian. 

Q2 

30° 

as in Ql with L = 60°, but in addition altitude circles for each 6° folded over the 
east-west line for northern declinations greater than the obliquity (A > e). 

Q5 

33° 

as in Q2 (also with L = 60°). On the scale in this quadrant see below. 

Q8 

36° 

as in Q2 with L = 60°. 

Q7 

39° 

as in Q2 with L = 54°. 

Q6 

41;30° 

as in Q2 with L = 72° 

Q3 

45° 

as in Q2 with L= 42°. 


There are markings for the ecliptic in Q3 and Q6, as on a standard astrolabic quadrant, which 
would serve all four quadrants on each side. The ecliptic is with dots for each 2°, three dots for 
each 10° and a short line for each 30°. The quadrant Q5 for latitude 33° is fitted with a scale 
marked non-uniformly 5°-l° around the circle for the summer solstice displaying a function that 
is not identified, and for which I have no explanation. The function behaves reasonably for arguments 
0°-75° (measured counter-clockwise against the outer scale) but then appears to “peter out”. 

The latitudes selected render the instrument “universal” after a fashion, but also useful for 
an astronomer in the Mamluk realms. I find it surprising that 22° rather than the standard 21;30° 
(II-10.8) is used for the markings that would serve Mecca, but then again, the choice of 33° 
means there are no markings for 33;30°, the accepted value for Damascus (II-10.1). We have 
markings for each 3° of latitude from 24° to 39°, then 41;30°, which is clearly intended to 
serve Constantinople (II-14.3), then for 45°, for which perhaps no specific locality was 
intended. The following climates are served: 

C2 (24°) C3 (30°) C4 (36°) C5 (41;30°) C6 (45°), 

and also boundaries: 

C2/C3 (27°) C3/C4 (33°) C4/C5 (39°). 

The markings are of the type labelled matwiya, “folded”, in medieval scientific Arabic (see 
also 5). al-Mizzl (see 6-7) authored a treatise on the astrolabic quadrant with folded altitude 
circles, that has not been studied. 14 We have noted that there is an ecliptic scale for each side 
of the instrument. Thus, to use the nine sets of markings for the sun ( i.e ., the markings between 


14 Cairo ENL Survey, no. C34, and Cairo ENL Catalogue, II, §4.6.31. 
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the solstitial circles), one needs nothing more than a thread attached at the centre and fitted 
with a movable bead (as on a standard astrolabic quadrant). However, the maker also undertook 
to include markings above the limiting altitude of the sun at the summer solstice (at first sight, 
not a particularly good idea), taking trouble even to mark the lower altitudes for such 
declinations by folding them over the east-west line to fit on the appropriate quadrant. So maybe 
the plate was originally fitted with a rete bearing a few star pointers (and another ecliptic?)? 
However, maybe the maker had conceived something that would surprise us even more. 
Certainly, he was in full control of his subject. More work needs to be done on this important 
piece. 


8 The most spectacular sundial of the Islamic Middle Ages, constructed for the Umayyad 
Mosque in Damascus 

8.1 The sundial constructed by Ibn al-Shatir and dated 1371 


International Instrument Checklist #7318 (original) and #7319 (copy). 

Damascus, garden of the Archaeological Museum (fragments of the original), and Umayyad Mosque, 
main minaret (al-Tantawfs copy). 

Marble (metal gnomons missing on original). Length: 2.06 m. Width: 1.01 m. 

Bibliography: Rihaoui, “Inscription inedite” (on the inscription); Janin, “Cadran solaire de Damas” 
(detailed description); King, “Astronomy of the Mamluks”, p. 547; King, “Strumentazione”, pp. 186; 
article “Mizwala” in £7 2 , pi. XIX; and a second description in Paris IMA 1993-94 Exhibition Catalogue , 
p. 439 (no. 334). A new study of the curves for twilight is Savoie, “Les crepuscules sur les cadrans 
solaires islamiques”. 

In 1958 three pieces of marble were discovered in excavations of the drainage system of the 
Umayyad Mosque: these were substantial fragments of a magnificent sundial by Ibn al-Shatir. 
The original had apparently broken around 1240 H [= 1824/25] whilst the Damascus muwaqqit 
Muhammad ibn Mustafa al-TantawI 15 was trying to adjust it. A copy prepared by al-TantawI 
in the year 1293 H [= 1876/77] is still in situ on the Minaret of al- c Arus in the Umayyad Mosque. 
The fragments of the original grace the garden of the Archaeological Museum. Copies on paper 
were available in the 1970s, but my copy disappeared during a seminar at New York University. 
For the Paris Exhibition a copy in plaster was prepared but has since self-destructed. 16 


15 Cairo ENL Survey , no. D123. 

16 The question of a fee for my services to the Paris Exhibition arose, and we settled on a replica of the sundial 
of Ibn al-Shatir. At the time I had just acquired an old farmhouse in rural France, and what better place to install a 
sundial than on the terrace? A Paris moving company wanted several thousand francs for moving the enormous and 
weighty box; I settled on FF 600 with a provincial mover. The box arrived and was dumped in front of our house. I 
paid another FF 600 to six local labourers to schlepp it up a flight of stairs to the terrace, and then we removed the 
box. The copy was not particularly well executed, and my wife was relieved that we had decided not to install the 
thing indoors. It was not clear what material the beast was made of, but it was not concrete. It was about 50 cms 
thick. Since we had to leave forthwith for Frankfurt, I covered it carefully with plastic. A couple of weeks later my 
German neighbour, Gunter Gloth, who checks our house during bad weather, phoned me in Frankfurt with the 
question: “Wie wichtig ist Dir eigentlich das Ding auf der Terasse?”, which was a kind way of telling me: “That 
thing on your terrace has had it.” By the time I saw it a few weeks later, the engraved part of the top of the sundial 
looked like Roquefort cheese. It took me several hours to break the monster into pieces small enough that I could 
transport them to the local building materials dump. I still have the metal gnomon. 
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Fig. 8.1: Fragments of the original sundial of Ibn al-Shatir (#7318). [From Paris IMA 1993-94 Exhibition 
Catalogue , p. 439.] 



Fig. 8.2: The magnificent sundial of Ibn al-Shatir as reconstructed by al-Tantawl (#7319). [Courtesy of the late 
Frans Bruin, Beirut.] 
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The original instrument bears an inscription that is no longer fully intact. What is legible 
translates as follows: 


Lp-dl l QJ k ■' | _ 1*0 U. .11 In;.. aJjA ^3 A u\ Q' 41 A*-oLaJl A^V) ClULxJaj 

A.a-na ^Ic. ^ q u a Au | _ Ai»li \AJ o^jLwaji *Ull 4' ^LJdlLl A3J^)2i]l i411 a 4l iiK_La 

AjLwtOuJJ (jjAAoJJ Ala! | # # Uc. ^)laLujll (Jjlj (J? £osL^llj Cj3^«]l 

“This instrument for all of the operations of astronomical timekeeping was made by order 
of the Umayyad Mosque during the reign of our Lord and Master, the Sultan and King, 

[al-Ashraf Sha c ban] . Sayf al-Dunya wa-T-Dln Manjak, Governor-General of the 

noble possessions in Damascus, (city) protected by (God)—may God strengthen his 

assistants. (This was) under the surveillance of. at the hand of its constructor c Ali 

ibn Ibrahim ibn Muhammad al-Ansarl, the muwaqqit at the Umayyad Mosque—may 
[God] forgive him—in the year seven-hundred and seventy-three [= 1371 A.D.].” 

As we shall see, Ibn al-Shatir achieved his goal admirably. 

The complex of markings consists of three sundials, there being one smaller one above the 
main one and another below it. The lower one is typical of the simplest variety of Islamic 
horizontal sundial. The length of the vertical gnomon is indicated twice below the markings, 
which consist of the equinoctial and solstitial shadow-traces and lines corresponding to the 1 st 
to the 11 th seasonal hours of daylight, as well as a curve for the c asr. A short line perpendicular 
to the meridian defines the base of the gnomon. 

The upper sundial bears similar basic markings (although the summer solstitial shadow-trace 
is approximated by straight lines) and the vertical gnomon, whose length is indicated on each 
side of the markings, is about twice as long as the first. The hour-lines now serve the equinoctial 
hours after sunrise (before midday) and before sunset (after midday); they are extended to serve 
the hour markings on the larger sundial (see below). The gnomon must be removed and replaced 
by a more complicated one in order to use the third sundial. 

The gnomon for the main markings is trapezoidal in shape, the inclined side being aligned 
so that it points towards the celestial pole. So the higher end has the same length and stands 
in the same position as the conical gnomon for the second sundial. There are solar scales on 
either side of the instrument outside the outermost markings (see below). These are ingeniously 
devised so that one could read the solar longitude to the nearest degree as the shadow falls 
on at least the right-hand scale. The complex series of markings would confuse any but the 
most competent astronomer. The markings are bounded by the shadow traces for the solstices, 
and crossed by that for the equinoxes. On each of these there are scales on which each 20 
minutes is subdivided into 4 minute-intervals. The markings, which all bear appropriate 
identifying inscriptions, include the following: 

a) straight lines showing each 20 minutes before and after midday; 

b) straight lines for each 20 minutes before sunset (after midday); 

c) straight lines for each 20 minutes after sunrise (up till midday); 

d) a set of seven curves displaying each 20 minutes up to the c asr, from two hours before 
the prayer up to the prayer-time itself; and 
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e) two sets of two curves showing specific times relating to morning and evening twilight, 
namely, 45° and 60° after the former, and 60° and 45° before the latter, as well as a solitary, 
somewhat optimistic, curve marking the time 13;30 hours before dawn. (These curves have 
been studied by Denis Savoie.) 

In brief, the complete set of markings enables the user, in addition to following the passage 
of time in equinoctial hours, to regulate time with respect to each of the five daily prayers. 
This is the most sophisticated sundial known from before the late European Renaissance. Only 
recently have we discovered anything similar: see Fig. X-7.2.8, 

8.2 A copy made by al-Tantawi in 1876/77 

See 8.1 for details. 

The inscription on the copy by al-Tantaw! translates as follows: 

AaLkj ^3 La J) Jl3^ jjg .Vill AjjlflXoll (jLaC^ll Ax_aLdl Alyl ^aj 

J (jiijLaJ I all 1 Y 5 V | Aj j'i ..1 a t 4 x.Lj AjUj ^iLlI qm j 3 | ^LLill 

“This instrument (ala) for all the operations of timekeeping was constructed (wada’a) by 
Muhammad ibn Mustafa known as al-Tantawi. I added to what was on the horizontal 
sundial ( rukhama ) of Ibn al-Shatir the curve for thirteen and one-half equinoctial hours 
before daybreak. (This was in the year) 1293, one thousand, two hundred and ninety 

three, Hijra [= 1876/77].” 

To the left of this is another inscription that is not fully legible 
1 Y 3 V f > i" (jLoJc. y ■ qjI j±a-all (Y) o 

“ c Abd al-Majld, son of the late al-Sayyid ‘Uthman al-Hamawi (from Hama) al-Najjar 
(the carpenter/craftsman), supervised laying it and securing it in the right position 

(tasharrafa bi-hafrihi (?)) in 1293.” 


9 A ceramic compass-bowl by Thabit, datable ca. 1518 

International Instrument Checklist #8026. 

Damascus, Archaeological Museum, inv. no. T123/A1727. 

Ceramic, varnished blue and beige background, inscriptions in black. Diameter: 19 cm. Height: 3 cm. 
Bibliography: The first description of this instrument, based on deficient photographs, is in Paris IMA 
1993-94 Exhibition Catalogue, pp. 440-441 (no. 336); more information is in King, Mecca-Centred 
World-Maps, pp. 110-114, 168-170, and 478-480. 

This instrument is unique in that it is the only known qibla-dial in which the compass-needle 
(now missing) would have floated on water or some other transparent liquid. The Yemeni Sultan 




716 


PART XIYb 



Figs. 9a-b: The Damascus compass-bowl (#8026). The geographical data was clearly copied from another 
instrument of the same kind by somebody who had no understanding of it whatsoever—see further Fig. 9e. 
[Courtesy of the Institut du Monde Arabe, Paris.] 
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Figs. 9c-e: Some details of the signature, the much corrupted qibla-values, and part of the inscription around 
the outer rim. [Photos by the author.] 


al-Ashraf ( ca . 1290) has left us with a description of such an instrument, albeit in brass. 17 On 
account of the kufl inscriptions the piece has the appearance of being much older than it is. 
The inscription at the centre of the inside of the bowl reads: 


| Clulj | ^rj ui | (_ 


“Made by Shaykh Thabit in Damascus.” 

This Thabit is unknown to us. His work, however, is fully within the tradition of Syrian blue- 
and-white ceramic tiles, which started in the 15 th century. 18 There are two inscriptions on the 
outside of the rim, for which, for lack of a complete set of photos, I cannot provide the Arabic 
texts. One, in the four cartouches, translates: 

“Made for the King, the victorious, the just, khaqan, son of the khaqan, king of the 
two earths and the two seas and servant of the two noble sanctuaries (sc. Mecca and 
Medina), the Sultan Salim—may God prolong his reign. Amen.” 


17 On this see now Schmidl, “Early Sources on The Compass”, and on al-Ashraf and his instruments see XlVa. 

18 Meinecke, “Syrian Tiles”, and further examples in Paris IMA 1993-94 Exhibition Catalogue, pp. 456-461. 
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Since the Ottoman Sultan Selim conquered Syria in 1516 and died in 1520, we can date this 
piece ca. 1518. The other inscription is in a larger script between the cartouches. It deals with 
the use of the instrument for finding the qibla, but the text is not currently (Dec. 2004) available 
to me. 

The inside of the rim bears a scale divided for each 5° and subdivided into l°-intervals, a 
truly remarkable achievement for a craftsman working with ceramic. The 5°-divisions are 
labelled from 5° to 90° in each quadrant, starting at the north- and south-points and running 
to the east- and west-points. The cardinal directions are identified by their names on a double 
semi-circular frame. The geographical information is contained in eight sectors, of which the 
outer part is subdivided into two sub-sectors, so that each sector serves five localities. Their 
names are given together with their qiblas, usually to the nearest degree, and the quadrants 
of the horizon to which these qiblas apply, with abbreviations that are not a little confused. 
The geographical data on the bowl, which I label DMS, are so corrupt as to be barely intelligible, 
and are, for any practical purpose, quite useless. Neverthess, detailed investigation reveals a 
connection to a 15 th -century Central Asian source: see Table 1. 


Table 1: The geographical information (DMS) on the Damascus qibla-bowl (#8026) 


Notes: The information recorded on this piece is a total disaster; my interpretation is merely 
aimed at reducing its totality. The information is arranged in three parts, the name of the locality 
and two sets of numerical and/or alphabetic information. What was originally intended with the 
latter was a qibla-value in degrees and minutes and a direction, NE, NW, SE or SW, indicated by 
(not necessarily consistent) Arabic abbreviations (sh-q for shamal-sharq, etc., to j-gh for janub- 
gharb). An asterisk denotes the division between the inscriptions. A black dot • denotes a letter 
that is illegible in the “entries” and a letter that defies interpretation. A dash (-) connects letters 
written together as a ligature in Arabic. A slash (/) separates two possible readings. A derivation 
of a copyist’s error from a probable original value is indicated by <. The qibla-values, where they 
can be reasonably interpreted, have been compared with those in TMR and also, as an example of 
the corrupt parallel tradition, MZB; clearly, cases where the values correspond to entries in those 
sources which have substantial errors are of particular interest. Aq denotes the error in the minutes 
of the qibla values, when compared with recomputed values based on the coordinates of TMR. 
For TMR and MZB see ibid., pp. 456-477 and 501-505. For references to other sources cited, see 
King, Mecca-Centred World-Maps, pp. 478-480. 


ility 

Entry 

Interpretation 

Comments 

Mosul 

h m * s 

5;40 • < 0;40 • 

TMR69/MZB/GRZ: 0;42° SE; QYNX7: 0;40° 

Sawa (?) / 
-Samarra (?) 

• * x-w 

5/-4 * 1/-5-6 < **;16 

Only sin-alif in the name is clear, thereafter follows m- 

Delhi 

f-w / f-q * q 

86/-8« * • < 87 * • 

w-h. TMR133 has 29;16° for Sawa and TMR101 
has 7;56° for Samarra (TMR115 with 48;43° for 
Shapur is probably not relevant) 

TMR247: 87;34° SW; MZB: 87;26° 

Hilla 

x-b * - 

12 * • 

not in TMR/MZB; THR5 has 12;5° 

Damascus 

k l- 3 * h q 

20;31 SE < 30;31 SE 

TMR38/MZB: 30;31° SE (Aq = +1) 
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6 Aleppo 

x-h h * h-q 

18;5 SE 

TMR43: 18;33° SE; MZB: 18;29° 

7 Najaf 

y-b * 1 

12;30 

TMR102/MZB: 12;31° SW for Kufa; THR2 has 

8 Kabul 

c * 1-w 

70 * 36 (?) 

12;30° for Najaf 

TMR261: 69;57° SW; MZB: 53;40° 

9 Meshed 

m-h * q 

45 * E/6 

TMR161: 45;6° SW (Aq = -3); MZB: 45;23°; 

10 Kerbela 

y-b * c -h 

12 SW 

TMR104: 12;46° SW and MZB: 12;45° for Baghdad 

11 Baghdad 

y-b * s (?) 

12 * • 

TMR104: 12;46° SW and MZB: 12;45° 

12 Isfahan 

m * '-1-1 

40;29 

TMR138: 40;29° SW (Aq = 0); MZB: 40;45°; MZT: 

13 Tehran 

1-r 3 -l-w * c -h 

37;26 SW 

40;15° 

TMR141/MZB: 37;26°; TMR*: 36;26° SW (Aq = 0) 

14 Kashan 

1-d * l- 3 

34;31 

TMR139/-MZB: 34;31° SW (Aq = 0) 

15 Bahrein 

x-w * 3 -l-h 

56;23 < 57;23 

TMR26: 57;23° SW (Aq = 0) for Hajar; not in MZB 

16 Lahsa 

s-t * 1 

69;30 

TMR27: 69;28° SW (Aq = 0); MZB: 69;30° (+2) 

17 Bistam 

3 -l-t x-h * c -h 

29; 1/5-3 <39;53 SW 

TMR155: 39;53° SW (Aq = +1); MZB: 39;13° 

18 Khuwar 

3 -l-t-r * c -h 

29;* SW 

TMR142: 34;38° SW; not in MZB 

19 Sabzawar (?) 

x-h * h-h 

1/5-8 * 1/5-8 (???) 

TMR159 has 44; 12° 

20 Basra 

1 w * h 

30* • 

TMR106 has 37;59° 

21 Taif 

c 1-t * s-w 

•;39 NW < 0;39 NW 

TMR24: 0;39° NW [!!]; q* = 42;52° (!!); not in 

22 Kirman 

s-x * x- 3 

62; 1/-5-1 

MZB 

TMR218: 62;56° SW for Bardsir; MZB: 62;51° 

23 Nishapur 

m-w 1-w * c -h 

46;36 SW 

TMR160/MZB: 46;25° SW 

24 Tabriz 

x-h m * c -h 

l/-5-5;40 SW < 


25 Ethiopia 

•-•(?) -t * 
s-r q-y / s q 

15;40 SW 

ne 

TMR83/MZB: 15;40° SW (Aq = 0) 

TMR 11/MZB: 82;25°; TMR*: 42;25° NE for Jarmi - 

26 Alexandria 

x-h c * h-w 

1/-5-3/-8 • * SE 

note that ([): 9;30° 

TMR14: 59;24° SE; not in MZB 

27 Yazd 

m-h * 3 -l-t 

48;29 

TMR122: 48;29° SW (Aq = +2); MZB: 48;28° 

28 Qandahar 

c -h*h 

75;5 

TMR239: 75;0° SW (Aq = +1); MZB: 75;5° 

29 Qazwin 

1-r k-h * c -h 

37;25 SW < 27;34 SW 

TMR134/MZB: 27;34° SW (Aq = -1) 

30 Jerusalem 

m-h * h-q (?) 

45;- SE 

TMR29: 45;43° SE (Aq = +3); not in MZB 

31 Constantinople 

lh c *j-q 

38; • SE 

TMR52/MZB: 38;17° SE 

32 Hamadan 

3 -l-b /- k-b * x-w 

22;16 

TMR* 131: 22;16° [0] (TMR has 22;17°) 

33 Herat 

x-w * 1 

5* * • 

TMR169: 54;5° SW; MZB: 55;0° 

34 Kirmanshah 

3 -l-h * • 

(illegible) 

23; • 

TMR125: 23; 18° for Qirmisin; not in MZB 

35 Erzerum 

h k * h-w 

5;20 SE < 0;30 SE 

TMR55/MZB: 0;30° SE 

36 Homs 

k-w d * h-w 

26;* SE 

TMR*39: 26;17° SE (Aq = 0) (TMR has 27;17°); not 

37 Hulwan 

k- 3 1-w (?) * c -h 

21;36 SW < 21;16 SW 

in MZB 

TMR124: 21;16° SW (Aq = 0) 

38 Sarandib 

i-ri-i 

• * • 

TMR243/MZB: 70;12° NW 

39 Kufa 

y-b * s(?) 

12 * • 

TMR102/MZB: 12;31° SW 

40 Baalbek 

r m-h * h-s 

7;4* S* 

TMR37: 27;49° SE; not in MZB 


Note to nos. 4 and 37: The signs and | • | appear to indicate numbers that the maker simply could not read and realized as 
much. In no. 36 the second one is written sideways. 
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Elsewhere 19 I have shown that there was a geographical table compiled in the mid 15 th 
century, probably in Kish near Samarqand, that contained values for each of 274 localities of 
the longitude (L), latitude (4>), qibla in degrees, minutes and seconds (q), and distance from 
Mecca in degrees and minutes (d). I labelled this table TMR* (from Timurid), the asterisk 
denoting the fact that it does not survive in its original form. It survives only in a recension, 
TMR, by an astronomer of Najaf ca. 1700, one c Abd al-Rahlm ibn Muhammad, in which the 
qibla values are rounded to minutes and the distances to Mecca converted to farsakhs and 
sexagesimal fractions thereof. I further showed that there was a corrupt version of this table 
in circulation. This version as it occurs on the Berlin astrolabe of Muhammad Zaman I have 
labelled MZB. The original table and the corrupt version were used by various Safavid 
instrument-makers in Isfahan and Meshed for the gazetteers that they engraved on their 
instruments; in particular, the data on the original table was used on their Mecca-centred world- 
maps for finding the direction and distance to Mecca. 

Now some of the values on the Damascus bowl correspond to those in the accurate version 
of the main Timurid table, as represented by TMR. 20 Yet others correspond to those in the 
corrupt version, as represented by MZB. 21 1 suspect that the data on the compass-bowl are taken 
from an Iranian table of values L,(|),q (and probably also d) for a limited number of cities that 
has not been preserved for us: perhaps it was such a table that inspired the compilers of TMR 
to produce a universal table with values of q and d computed properly. 

There is, I believe, sufficient evidence to conclude that such qibla-bowls were in circulation 
in Central Asia and perhaps also in Iran in the 13 th century, if not before. Certainly, they were 
known in Egypt and the Yemen by the late 13 th century (see X-9.2). In any case, the Damascus 
bowl is a unique testimonial to an earlier (13 th - 15 th century?) Central Asian tradition of 
instrument-making about which we know nothing except that the Damascus bowl is derived 
from it. That tradition is apparently quite distinct from the one that flourished in the second 
half of the 17 th century in Isfahan and Yazd, where we again find magnetic compasses, but 
of a different kind. 22 Yet both traditions used essentially the same corpus of geographical data. 

One may wonder what the Sultan Selim might have had done to Thabit if he had found out 
that the information on the qibla-bowl was quite useless. Clearly, Thabit copied it from another 
such bowl, on which the information was already corrupt. He would have done better to use 
the qibla values for Syria and Palestine computed by the 14 th -century Damascus astronomer 
Shams al-Dln al-Khallll (II-10.9), which are all accurate to within a few minutes: copies of 
these would have been readily available in Damascus. 


19 King, Mecca-Centred World-Maps, pp. 149-186. 

20 For example, no. 25: Yazd has 48;29°, as in TMR (although, in fact, MZB has the yet more accurate value 
48;28°), and no. 12: Isfahan has 40;29°, as in TMR (MZB is incorrect). No. 22: Tabriz has 15;40°, as in both TMR 
and MZB. No. 17: Bistam has 29;53°, whereas TMR has 39;53° and MZB may have 39;13° (reading uncertain). 

21 For example, no. 16: Lahsa has 79;30°; TMR has 69;28°, but MZB has 69;30° (the error 70 for 60 is more 
difficult to explain than the difference in the minutes). 

22 See King, Mecca-Centred World-Maps, pp. 114-124. 
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10 An astrolabic quadrant for Damascus made by Muhammad al-Sakasi al-Jarkasi in 
1891/92 

International Instrument Checklist #5012. 

Acquired by the British Museum, London, by action at Christie’s on 13.12.1996. Previously in various 
private collections. Acquired in Beirut ca. 1950. 

Wood, with markings in black and red ink on paper, glazed. Radii: 133 and 110 mm. Thickness: 19 
mm. 

Bibliography: This instrument is illustrated in King, “Strumentazione”, pp. 174 and 181 (pp. 18-19 
of the English summary); idem, “Astronomical Instruments between East and West”, p. 162; idem, 
“Making Instruments Talk”, p. 7; idem, “Muwaqqits and Muezzins”, pp. 312, 348 and 345; idem, 
“Islamic Astronomy”, p. 168; the article “Rub‘” [= quadrant] in EI 2 , pis. XXXIV-XXXV, between pp. 
574 and 575; and elsewhere. It is discussed in more detail in Paris IMA 1993-94 Exhibition Catalogue, 
pp. 442-443 (no. 337). On the month-names see Maier, “Romanische Monatsnamen”, B, pp. 263-265. 
The fullest description is in Christie’s London 13.12.1996 Catalogue, pp. 40-41 (lot 599), by this writer, 
which has been incorporated here. 

This is a superbly-worked quadrant bearing astrolabic markings for the latitude of Damascus 
on the front and a highly sophisticated trigonometric grid on the back. Quadrants in wood 
survive in the hundreds from the Ottoman period of Islamic astronomy (ca. 1500 - ca. 1900). 
None is known that is as finely worked as this one. Although this instrument bears a late date, 
it is clearly representative of the culmination of the standard astrolabic quadrant in Damascus 
in the 14 th and 15 th centuries. However, no instrument of this sophistication survives from the 
earlier period. Also, the fact that most of the inscriptions are in a sophisticated kufi script is 
indicative that these were copied from a much earlier instrument. 

There are two feet on the side corresponding to the meridian; they are without sighting holes 
(as seems to have been common on Ottoman quadrants). The front bears a main outer scale 
divided for each 5°, then for each degree and half-degree and labelled for each 5° in both 
directions, upwards in black and downwards in red. Outside this is a non-uniform scale divided 
5/1-5 up to 60 and marked al-zill al-mabsut for shadows to base 12. Outside this is a scale 
divided for each 15°, with each 15°-interval subdivided into 12 equal parts, and labelled for 
the hours 12 - 1/11 - ... - 5/7 - 6 from the bottom to the top. The main markings consist of 
altitude circles for each 1°, black for each 5° and red inbetween, and azimuth circles for each 
5°, black for each 15° and red inbetween. The southern ecliptic is divided for each 5° and 
subdivided for each 1°; the northern ecliptic is not divided (the markings on the former serve 
also the latter, with the help of the radial cord). There are additional curves for the first and 
second ‘asr, marked simply awwal and than!, “first” and “second”, as well as for morning and 
evening twilight (to be measured from the meridian) marked / for fajr, “daybreak”, and sh for 
shafaq, “nightfall”, the underlying parameters are 19° and 17° for the solar depresssion below 
the horizon. A curve that is discontinuous at the meridian is marked khatt Ldayn, “the curve 
of the two festivals”, and serves to find the time of the community prayer on the two major 
Muslim festivals, and a curve that is discontinuous on the line drawn through the centre 
perpendicular to the meridian is marked khatt imsak, “the curve of abstinence”, and serves to 
find the time before daybreak in Ramadan when the faithful should start fasting for the day. 
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Fig. lOa-b: The front and back of the quadrant of al-Sakasl (#5012). [Courtesy of Christie’s, London.] 
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Because this latter curve has been “folded” to fit on the space available there are extensive 
instructions stretching over both sides of the instrument describing how to find the time of 
abstinence. There is also a curve for finding the length of the seasonal hours (to be measured 
from the meridian) and marked zamaniyya, which is close to an azimuth curve (for about 19° 
east of south) displaying the qibla (local direction of Mecca) and marked .saint Makka. A curve 
marked s displaying a function (measured from the line perpendicular to the meridian) which 
has values of about 13° at the summer solstice and equinoxes and 14° at the winter solstice 
defies interpretation. The horizon is marked “The horizon for latitude 33;30°, which is the 
latitude of Damascus ( al-Sham )”. Inside the astrolabic markings are scales for finding the 
altitude of the sun at the first and second afternoon prayers ( c asr), the solar declination, the 
half excess of daylight (the excess of half the length of daylight over 90°), and inside these 
is a very small universal horary quadrant with the hours labelled 1-6 on the outside. 

Below the main markings is a magnetic compass marked with the cardinal directions on the 
outer rim and again at the centre ( gh for gharb, “west” and sh for sharq, “east”). To the side 
of this there is an inscription in elegant Kufic related to finding the time of abstinence in 
Ramadan (see above and also below). Below this is another in elegant naskhr. 


^d S > ^4' C4u)j 


“Drawn by al-faqlr Muhammad al-Sakasl al-Jarkashi.” 

The epithet al-Jarkashi indicates that he was of Circassian origin, 23 and the meaning of al-Sakasl 
has not been determined. To the left of these inscriptions is a calendrical table labelled in bad 
Arabic “Different months and signs” ( shuhur al-mukhtalifa wa-’l-buruj). The information it 
contains is the following: (1) names of the Syrian months; (2) names of the Coptic months; 
(3) names of the months in French (!); and names of the zodiacal signs. Beside each of these 
names in (2) to (4), there is a number showing the correspondance to the first day in the 
corresponding Syrian months. The French names of the months are a surprising inclusion. They 
would be pronounced roughly: 


X-°CjuuS ^jjoLIo^juj 3 I v_svjJj9j 0I9J (_sa> 

janvie, fafrle, mars, afril, may, ju’an, ju’llie, u (simply an alif and a wdw), 
saptambr, uktumbr, nuvmbr and disambr, 

the “e” being somewhat forced in Arabic orthography (a final “yd 3 ” is used), and octombre 
a reminder of certain medieval French dialects by assimilation to the other month-names late 
in the year. 24 

The back bears a standard sexagesimal grid (with radial axes divided into 60 units) with a 
palette of additional markings that are basically as follows: 


23 See the EI 2 article “Cerkes” by Halil Inalcik, especially on their role in Mamluk and Ottoman society. 

24 On the use of octembre on medieval astrolabes from N. France, see Maier, “Romanische Monatsnamen”, A, 
pp. 240-242, and King, The Ciphers of the Monks, pp. 138-140. 
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(1) two semi-circles on the radial axes as diameter, for setting the bead on the cord to the 
sine or cosine of an angle between 0° and 90°; 

(2) three quarter-circles, the inner one for finding the solar declination as a function of solar 
longitude, and the outer two for setting the bead on the cord at the sine and the cosine, 
respectively, of the latitude 33;30°; and 

(3) two perpendicular dotted lines and three intersecting rays (two non-rectilinear) providing 
alternative procedures for determining the altitude of the sun at the time of the mid- 
afternoon prayer ( c asr ). 

(4) In addition there is an axial diagonal (marked mlzan), and a radius at argument 45° (the 
last is marked sin ra, for what reason is not clear). There are radial lines marked in red 
at arguments approximately 10V 2 ° and 77V 2 °, the latter marked with the letter sin. These 
markings have so far defied explanation. 

Beneath these is a continuation of the instructions on the means of using the curve on the front 
of the quadrant for the time of abstinence in Ramadan, and next to this another calendrical 
table relating the 12 months of the Islamic calendar to their positions firstly in an eight-year 
solar cycle, an approximation used in Ottoman almanacs using the maliye calendar, and 
secondly in a standard 28-year cycle. (A detailed study of this table was prepared in 1994 by 
Silke Ackermann in Frankfurt.) In this table the year 1307 Hijra is given as the first year in 
the 28-year cycle, so that the instrument must date from around this time (see below). To the 
far left is the end of the inscription on the imsak, ending “ ... and the two curves (sc. the two 
parts of the curve) are for latitude 33;30°”. Then follows a date ?07 where ‘?’ could be 2 or 
3 and there may or may not be an initial 1 (in red ink); the reading is clear, namely, 1307 
Hijra [= 1891/92], and this is doubtless the date of construction. (The instrument has not 
previously been correctly dated.) Thereafter is a statement that the leap years in the table are 
marked in red. 
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A monumental astrolabe for 
the Ayyubid Sultan al-Mu c azzam 




To the memory of Professor Aydin Sayili 




DEDICATION, 

ACKNOWLEDGEMENTS AND NOTES TO THIS VERSION 


It was rare indeed that a scholar in the middle of the 20 th century should write the first history 
of a subject that remains the standard work well into the 21 st century. Such was the achievement 
of Aydin Sayih (1913-1993) with his book The Observatory in Islam and its Place in the 
General History of the Observatory , (Ankara: Turkish Historical Society, 1960, repr. New 
York: Amo Press, 1981). Yet that book was based on only part of Sayih’s doctoral dissertation 
“Institutions of Science and Learning in the Moslem World”, submitted to Harvard University 
in 1941: of this, some 80-odd pages were devoted the observatories, and the other 240-odd 
pages to madrasas, hospitals and libraries. Alas, these other sections were never published. 
Nobody has even tried to update Sayih’s work on the observatory, or even sections of it. A 
brief biography and list of publications, several of which deal with instruments described in 
Arabic manuscripts, is contained in Aydin Sayili Ozel Sayisi, I-III, a special issue of Erdem 
(Ankara: Atatiirk Kiiltiir Merkezi), in three parts (9:25-27), Ankara: Turk Tarih Kurumu 
Basimevi, 1996-1997, vol. 1, pp. 31-57. One of Sayili’s most distinguished students is Sevim 
Tekeli, author of a series of studies on Islamic scientific texts, including several dealing with 
instruments, and a most remarkable comparative study of the observational instruments of Taqi 
‘1-Din and Tycho Brahe. 

This study first appeared as “The Monumental Syrian Astrolabe in the Maritime Museum, 
Istanbul”, in Aydin Sayili Ozel Sayisi, vol. II, pp. 729-735 and 10 pis. I extend my gratitude 
to the Deniz Miizesi in Istanbul, particularly to Dr. iskandar Pala, during my visits to the 
museum in 1991 and 1994. On the second occasion, we together carried the astrolabe to the 
proximity of a window, laid it on the ground, and I was able to take numerous photos. No 
decent pictures of the front and back are available, and the splendid colour picture used for 
the cover of the official guide to the Museum shows the rete mounted on the back (compare 
Fig. XIIIa-3.2a). (This is pretty good for any naval museum, and clear proof that the standard 
astrolabe was never used in navigation.) Those of my pictures reproduced here are sometimes 
different from the ones used in my first publication on the Istanbul astrolabe, so that the 
interested reader may find it worthwhile to consult both. 

Ideally, this astrolabe should have been published together with the two monumental 
astrolabes of c Abd al-Karlm al-Misrl preserved in the British Museum (complete) and the 
Museum of the History of Science at Oxford (with a replacement rete), which I have catalogued 
but am not ready to publish yet. 

In my original text, I suggested that the most distinctive feature of the design of the rete 
on this astrolabe—the short equinoctial bar near the top of the vertical axis—might have been 
copied from a French astrolabe. Since it took several years for the Sayili memorial volumes 
to be published and since I never saw the proofs of the article, I was unable to change this 
before publication. I corrected the assertion in my 1991 book Ciphers of the Monks (p. 395), 
for, as I suggest again below, it may be that the distinctive design of medieval French astrolabes 
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was copied from the kind of design attested on this Syrian astrolabe. Part of this tale, and more, 
is recorded with some glee in Sezgin & Neubauer, Wissenschaft und Technik im Islam, II: 
Astronomie, p. 101, unfortunately repeated in Mainz 2004 Exhibition Catalogue, p. 455, and 
inevitably without any illustrations of any relevant French astrolabes, such as I now include 
here. 
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0 Introductory remarks 

In the Maritime Museum (Deniz Miizesi) in Istanbul, there hangs an enormous brass astrolabe 
damascened in silver. 1 With a diameter of 56 cm and thickness of 1.1 cm, it is the largest 
surviving Islamic astrolabe from the period ending in 1600. But it has not yet received the 
attention that it deserves; indeed, it has been unlucky on several counts. First, it was, until 
recently, known in the modem literature only by a couple of passing references. 2 Second, no 
photographs of publishable quality are available. And third, the astrolabe was supposed to have 
been exhibited at the splendid exhibition on Syria held at the Institut du Monde Arabe in Paris 
during 1993-1994 (see XlVb); however, for technical reasons, some related to the imagined 
security needs of a military establishment (the Museum belongs to the Turkish Navy), this 
turned out to be not possible. 

Syria was the scene of intense astronomical activity during the Ayyubid and Mamluk periods 
and the Syrian astronomical instruments that were exhibited in Paris included some of the most 
remarkable ever made by Muslim astronomers. A description of the Maritime Museum 
astrolabe in French was included in the catalogue, but without illustrations, 3 and the purpose 
of this study is to bring the instrument to the attention of a wider audience. 

The provenance of this instrument is not known. Its rather simple rete design bears some 
resemblance to that of the astrolabe featured in the miniature from the Shahinshahname in MS 
Istanbul University Library F-1404, fol. 57r, showing the astronomer Taqi T-Dln with his staff 
at the Istanbul Observatory (see Fig. X-l.l). 4 But the rete of Taqi ‘1-Din’s astrolabe does not 
exhibit the most distinguishing feature of the rete on this piece (see below). And in addition, 
the instrument depicted in the miniature, held at arm’s length in the hand of Taqi T-Dln or 
his assistant, is smaller. It is not possible for one man to hold up the Maritime Museum 
astrolabe; in fact, it takes two men to even move it. 

The astrolabe was made in Damascus in 619 H [= 1222/23] for the Ayyubid Sultan al- 
Mu c azzam Sharaf al-Dunya wa-T-Dln Tsa ibn Abl Bakr, who from 597 H [= 1200/01] to 615 
H [= 1218/19] was Governor of Damascus and thereafter until 624 H [= 1227] was ruler of 
the entire Ayyubid realm. The name of the maker indicates that his family came originally 
from Baalbek and the epithet al-Najjar that he was a craftsman, not necessarily a carpenter 
(see XIIIa-11 and XIVb-8.2); he is previously unknown to the modern literature. The positions 
of the markings were calculated by c Abd al-Rahman ibn Abl Bakr al-Muqawwim al-Tabrlzl, 
likewise new to the literature. The appellation al-muqawwim probably refers to his occupation 
as a compiler of ephemerides ( taqwlm , pi. taqawlm, from the verb qawwama), 5 but it is not 
attested elsewhere. The astrolabe was inlaid with silver by al-Siraj al-Dimashqi, perhaps 


1 Inventory no. 264. The instrument has been assigned the number 4050 in the International Instrument Checklist. 

2 Maddison, “Locks” (1985), p. 153, n. 30, and also idem, “The Barber’s Astrolabe” (1992), p. 352. 

3 Paris IMA 1993-94 Exhibition Catalogue, p. 480. On the other instruments featured there see XlVb. 

4 On this miniature, see Sayilt, The Observatory in Islam, pi. 6, and also pp. 294-295. 

5 See the EI 2 article “Takwlm” by Michael Hofelich, and also King, “Lunar Crescent Visibility Predictions in 
Medieval Islamic Ephemerides”, p. 235. 
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identical with the muezzin and astrolabist known by three surviving instruments, each far more 
modest than this one. 6 


1 Description of the astrolabe 


The throne, which stands 4.7 cm above the rim, bears no markings. The scale of the rim is 
divided and labeled for each 5°, with subdivisions for each 1°, as altitude scales in the upper 
quadrants and as zenith-distance scales in the lower ones (unusual). The throne, the rim and 
the mater are cast as one piece and there are no markings on the mater besides a peg at the 
bottom. 

The rete is distinguished by a short equinoctial bar inside the southern (upper) ecliptic in 
addition to a much longer one below the northern ecliptic. The former bar is attached to the 
ecliptic by two rectilinear supports, the latter by three, on the middle one of which there is 
a semi-circular handle perpendicular to the rete. The horizontal bar is rectilinear and the vertical 
bar extends from the substantial central disc to the middle of the upper equinoctial bar. The 
scale of the ecliptic is divided for each 1°. The star-pointers are elegantly executed in a most 
unusual way: they are basically triangular in shape, with semi-circular indents at the middle 
of each side. The stars are named in kufi and in most cases have been repeated (with minor 
variants) in an Ottoman hand. The 20 stars represented are the following standard ones 
(arranged in increasing right ascension, starting at the vernal equinox): 


ras al-ghul 
c ayn al-thawr 
al-‘ayyiiq 
rijl al-jawza 
yad al-jawza 3 


al-shira al-yamaniya 
al-shira al-sha’amiya 


qalb al-asad 


al-simak al-a c zal 
al-simak al-rdmih 
munir al-fakka 
qalb al- c aqrab 
rads al-hawwa 


al-nasr al-waqi 
al-nasr al-tair 
al-ridf 

mankib al-faras 
kaff al-khadib 
dhanab qaytus 


6 These are: 

#4160 / §1.5.2a—dated 623 H [= 1225/26]—Hyderabad, Salar Jung Library, inv. no. 113/2 xxxv—published by 
Sreeramula R. Sarma in Hyderabad SJL Catalogue, pp. 23-24 (no. 6), with an illustration of the back on pi. 12. 

#3765 / §1.2.5b—dated 626 H [= 1228/29]—Rampur, Raza Library, inv. no. 1832 D—Gunther, Astrolabes, I, p. 
247 (no. 102A); published by Padmakara Dube in “Rampur Astrolabes”, pp. 1-5, and pis. I-III; and in greater detail 
by Sreeramula R. Sarma in Rampur RL Catalogue, pp. 25-33 (no. 1). The signature is shown in Fig. 4j. 

#1042 / §1.5.5c—dated 628 H [= 1230/31]—Greenwich, National Maritime Museum, inv. no. A17-36.17— 
illustrated in Greenwich Astrolabe Booklet, p. 45; a full description by Frangois Charette is to appear in Greenwich 
NMM Catalogue. The signature is shown in Fig. 4k. 

Mayer, Islamic Astrolabists, p. 83, mentions the last two of these under al-Sarraj. The name can be read al-Sarraj 
or al-Siraj, but the latter seems more likely here, being short for Siraj al-Dln. On the other hand, the 14th-century 
Aleppo instrument specialist must be Ibn al-Sarraj. On the same name, it has been possible to show that the Siraj al- 
Dunya wa-T-Dln who included a world-map in his treatise on folk astronomy compiled ca. 1210 (see King, Mecca- 
Centred World-Maps, pp. 90-91, is none other than the celebrated Hanafl legal scholar Siraj al-Dln al-Sajawandl: 
see my forthcoming contribution to the Festschrift for Professor Hossam Elkhadem, listed as “al-Sajawandi’s World- 
Map”. 
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Fig. 1: The front of al-BaTabakkl’s astrolabe (#4050). [Photos by the author, courtesy of the Maritime Museum, 
Istanbul.] 


There are no construction markings on the back of the rete. The positions of the stars are 
accurate for the epoch of the instrument, 7 and further investigation is necessary to establish 
from which star-table they might have been taken. 

The one surviving original plate out of an original three (or perhaps only two) has altitude 
circles for each 1° of argument and curves for the seasonal hours, all constructed with extreme 
care and accuracy. The latitudes served are 30° and 35°, the associated lengths of longest 


7 Stautz, Mathematisch-astronomische Darstellungen auf mittelalterlichen Instrumenten, pp. 66-67 (SA2) and 
fig. 3.6b on p. 208. (The graphics show the correspondence with Ptolemaic coordinates adjusted to 1222 with the 
Mumtahan value of precession.) 
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Fig. 2a: The distinctive rete. Compare Figs. 8a-c below. 





Fig. 2b: The pointer for ras al-ghul and al- c ayyuq. 
Note the additional names in naskhl script. 



Fig. 2c: The pointer for al-nasr al-waqi c above the 
altitude circles around the zenith of one of the plates. 
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Fig. 4a: The back. 









738 


PART XIVc 



|4 * 1 Nr 

V 1 

U 

1 

1 

L>1 



Fig. 4b-i: (b/c) The dedication to the Sultan. 

(d/e) The inscription mentioning Damascus as the place of construction and the date. 

(f) The signature of al-BaTabakkl. 

(g) The signature of al-TabrlzI. 
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Figs. 4h-i: (h) The signature of al-Siraj. 

(i) The astrological data at the middle of the back. 


Figs. 4j-k: The signatures of al-Siraj, the muezzin in Damascus, on two of his three surviving astrolabes, dated 626 
H (#3765) and 628 H (#1042). [Courtesy of Professor Sreeramula R. Sarma, Aligarh (object in Raza Library, 
Rampur) (j); courtesy of the National Maritime Museum, Greenwich (k).] 


daylight being given as 13;58 h and 14;25 h . The first of these would have been intended for 
Cairo. There must have been at least one or two other plates which would have served 33° 
or 33;30° (Damascus) and perhaps Jerusalem and Aleppo. The lengths of longest daylight are 
based on the Ptolemaic obliquity of 23 ;51°, rather than any of the more up-to-date values found 
by Muslim astronomers in the 9 th and 10 th century. (This is typical of many medieval Islamic 
astrolabes.) The seasonal hours are numbered both in abjad notation and in words. The side 
for 35° has two unlabelled curves across the curves for the seasonal hours on the left, which 
serve the beginning and end of the c asr prayer. The other two plates are not original and bear 
markings for the latitude of Istanbul: see below. 

The back bears an altitude scale subdivided for each 0;30° above the horizontal diameter. 
The lower scales are divided for shadows to base 7 and 12 and marked zill al-aqdam and zill 
al-asabi, respectively. There is a zodiacal scale running counter-clockwise from the top: for 
each sign an illustration of the sign and of the appropriate planet that has its domicile therein 
(Mars for Aries, etc.) are superposed on the name of the sign. The images merit the attention 
of an art historian. Inside are the limits and faces, for Aries, for example: 
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Jupiter 6 Venus 12 Mercury 20 Mars 25 Saturn 30 
Mars 10 Sun 20 Venus 30 

Below the horizontal diameter is a table of the triplicities and their lords, organized according 
to their attributes: 

Triplicities Lords 

Fiery Aries Leo Sagittarius Sun Jupiter Saturn, etc. 

The inscriptions (A-E below) are as follows: 

LiS.211Jajl^dl -i^L^dl i l21a] 1 IjV4j|yi. * ■ " j 1 

Mji' Oi Ol 


A: “By order of the treasury of our Lord the Sultan, the King al-Mu c azzam, the just and 

pious scholar, the fighter in the Holy War, the Warrior, supported (by God), made 
victorious (by God) ( al-muzaffar al-mansur ) Sharaf al-Dunya wa-’l-Din Tsa ibn Abl 
Bakr ibn Ayyub.” 

II 4_L-u ^3 A 1 'S 

B^ “Made ( ‘umila ) in Damascus, (the city) protected (by God), in the year 619 Hijra [= 
1222/23].” 

clLLaIG (J i'iVi .4^1 w 

; ji ■--<-4 ‘'i j V. Lol 

J j* *•^ ^ ^ a Lai 


B 2 : “(The) tables contain the limits and the faces and the triplicities. The limits are according 

to the opinion ( za c m ) of the Egyptians. The faces and triplicities are according to the 
opinion of the majority of scholars (ray al-jamhur ).” 

jlAiil ^5)1)1 ill (jLxu AlC. Ax 1 ■ 

C: “(This astrolabe was) constructed by (sana c ahu) c Abd al-Rahman ibn Sinan al- 

BaTabakkl al-Najjar.” 


D: 


“(The positions of the markings were) calculated by (hasibuhu ) c Abd al-Rahman ibn 
Ab! Bakr al-Muqawwim al-Tabrlzl.” (See 1.) 


w 1.0-21 ^I^Jjaill fAX L'i 


E: “Inlaid by (taflm) al-Siraj al-Dimashql.” (See 1 and Fig. 4j). 

jjjjjll jijioll J (^1 (jj ■^ c - 4 ‘ L| 1 **■ 
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There is no alidade and it is not clear that there ever was one. Certainly, it would never have 
been possible for one person to hold the astrolabe in one hand and adjust the alidade with the 
other! 

Later additions'. 

The star-names are repeated in an Ottoman nashkl hand, with the following variations: al -shira 
yamaniya, nayyir al-fakka, nasr al-waqi\ dhanab al-qaytus. The names of yad al-jawza, al- 
simak al-ramih, al-ridf and dhanab al-jady are not repeated. 

Two additional plates do not bear original markings. One is discoloured and bears altitude 
circles for each 1 0 but no seasonal hour curves on one side. The markings are not carefully engraved 
and purport to be for latitude 41° where the maximum daylight is 15 h . The other side is blank but 
for a few circles without astronomical significance scraped around the centre. The third plate is 
better preserved and bears a set of altitude circles for each 1° and curves for the seasonal hours. 
The underlying latitude is not stated but is [41°]. The other side is lightly engraved with the three 
base circles and two base diameters. Both replacement plates have cut-outs at the bottom that are 
smaller than the one on the original plate. 

2 Concluding remarks 

It would be most interesting if the various contributors to this splendid instrument had given 
us more details of their contributions. It is probably idle to speculate too much on what was 
precisely intended by the verbs c amila , sana c a, and hasaba, although at least ta^ama, to inlay, 
seems clear. 

One of the most historically significant aspects of this instrument is the short equinoctial 
bar inside the upper ecliptic. No other contemporaneous Islamic instrument exhibits this first 
feature; indeed, the only other Islamic astrolabe with such an upper equinoctial bar of this kind 
known to me is an unsigned 15 th (?)-century Maghribi piece (#3643): see Fig. 5a. 8 Of course, 
there are numerous Islamic astrolabes with different kinds of upper equinoctial bars: see, for 
example, Fig. XVII-2.1. Now since the same kind of bar as on al-BaTabakkl’s rete is very 
much typical of a substantial subgroup of medieval French astrolabes, 9 this raises the interesting 
question whether the basic rete design might have been copied from an instrument brought 
to the Ayyubid realms during the Crusades. Or was it the other way round: a Crusader taking 
back to France a feature he had seen on a (rare kind of) Islamic astrolabe? Most of these French 
instruments can be dated to the 14 th century, culminating in the productions of Jean Fusoris 
of Paris ca. 1425: see Fig. 5b. However, Fig. 5c shows an example in a French manuscript 
apparently dated 1276-77, where an upper bar that does not correspond to the equinoctial circle 
is used for the same purpose, namely, as a support for star-pointers. Fig. 5d shows an actual 
French astrolabe of the same design probably dating from the 13 th century. * 11 Whatever the 


8 On this see Washington NMAH Catalogue, pp. 177-179 (no. 3643), and fig. 118. 

9 See Poulle, Fusoris, especially pp. 19-26 and pis. I and III, and King, The Ciphers of the Monks, p. 395. 

10 See already ibid., p. 397, citing Berlin MGB 1989 Exhibition Catalogue, pp. 110 and 654 (no. 6/10). 

11 Glasemann, “Zwei franzosische Astrolabien”, esp. pp. 213 and 225-226. 
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original inspiration behind the upper bar(s) on French astrolabes, the distinctive “flame” shape 
of the star-pointers on these seems to be influenced by Catalan astrolabes. 12 As far as the star- 
pointers on al-BaTabakkl’s astrolabe are concerned, Burkhard Stautz mistakenly stated that they 
were somewhat reminiscent of (erinnert etwas an) the forms on early Islamic astrolabes. 13 
Inevitably, this was repeated by Fuat Sezgin (now without the word etwas ). 14 In fact, they bear 
no resemblance whatsoever to early Islamic star-pointers (see XHIa-b), and the only rete I 
know that has similar extended triangular pointers is one illustrated in an 1 l th -century European 
manuscript: see Fig. 5e. 15 Thus, one should be very careful when stating that this design 
influenced French astrolabes, and the Paris school will surely be ready to deny this possibility 
anyway. 16 

This is just one of many Islamic instruments preserved in the museums of Istanbul. The rich 
collection in Kandilli Observatory has been catalogued by the late Professor Dr. Muammer 
Dizer 17 and those in other museums by myself (but not yet published). They constitute important 
historical sources whose importance is only now coming to be appreciated. The Maritime 
Museum astrolabe should eventually be included in a comparative study of two other royal 


—^ 

Fig. 5a: The only other Islamic piece with such an upper equinoctial bar known to me is a late unsigned Maghribi 
piece (#3643). The counterchanged vertical bar within the upper ecliptic is also unusual. I would dismiss any 
suggestion that this was influenced by a French astrolabe. [Courtesy of the National Museum of American 
History, Washington, D.C.] 

Figs. 5b-e: On the chicken?? (see Fig. 2a) and its various eggs?? 

(b) The rete of an astrolabe (#193) from the workshop of Jean Fusoris, Paris ca. 1400. The distinctive upper 
equinoctial frame is clearly taken from an astrolabe rete such as the Damascus piece of al-BaTabakkl. Or is 
it? Certainly the star-pointers are in a European tradition, apparently first used in Catalonia. Here the upper 
equinoctial bar works rather harshly. On earlier French astrolabes a more elegant kind of frame, unrelated to 
the equinoctial circle, was a stylistic feature of the design: see Figs. 5c-d. [Photo courtesy of the late Roderick 
Webster, instruments now in the Adler Planetarium, Chicago, Ill.] 

(c) An illustration of a French astrolabe in a manuscript apparently dated 1276-77. The upper frame, here 
in two parts, serves to support star-pointers that would otherwise be too long for comfort. [In MS Berlin Deutsche 
Staatsbibliothek lat. fol. 601, fol. 67v or 68r, taken from Berlin 1989 Exhibition Catalogue , pp. 110 and 655 
(no. 6/10).] 

(d) A French astrolabe with a rete of the same design (#4524), down to the minuscule spherical globules at 
the end of the star-pointers. [Photo by Reinhard Glasemann, courtesy of the Historisches Museum, Frankfurt 
am Main.] 

(e) Long triangular star-pointers on an astrolabe rete illustrated in an ll th -century manuscript of uncertain 
provenance. No early Islamic astrolabe has pointers like this. [From MS Vatican BA reg. lat. 598, fol. 120r, 
courtesy of the Biblioteca Apostolica Vaticana.] 


12 The evidence is #416, a Catalan astrolabe from ca. 1300, preserved in the National Maritime Museum at 
Greenwich (inv. no. A21/NA36-21c). On this piece, see King, “The Oldest European Astrolabe”, fig. 14, and 
Greenwich Catalogue (forthcoming). The distinctive V- or Y-shaped frames on medieval (14th-century) English 
astrolabes is also found on this earlier Catalan astrolabe. 

13 Stautz, Untersuchungen , p. 67. Stautz’s doctoral thesis advisor missed this error. 

14 Sezgin & Neubauer, Wissenschaft und Technik im Islam , II, p. . 

15 See already Bergmann, Innovationen im Quadrivium , pp. 46, 101 and 104, and King, The Ciphers of the 
Monks , pp. 406-407. 

16 On astrolabes in medieval France see now King, The Ciphers of the Monks , pp. 391-419. 

17 See already Kandilli Instrument Handbook. 
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astrolabes made by c Abd al-Karlm al-Misrl, now in London, 18 and Oxford, 19 respectively. Both 
were made in Damascus in the early 13 th century for the ruling sultan and both are large, albeit 
with diameters of ca. 30 cm considerably smaller than the piece we have described. Alas, only 
the former is complete; the latter has a replacement rete by an Iranian craftsman (XIVd-2). 
The zoomorphic rete on the former, however, is one of the most beautiful pieces of metalwork 
ever made in the Middle Ages. 20 

These instruments stem from a scientific tradition that by the 9 th century, as Aydin Sayili 
established several decades ago and more recent research has confirmed, was well underway 
to achieving what one modem historian of science, Kristiaan P. Moesgaard, has called “a level 
of institutional organization, in observational practice and in theoretical outlook, that would 
not be equalled in Europe until the sixteenth century.” 21 The astrolabe in the Maritime Museum 
is but one more example of the sophistication of that tradition. 


18 #104 / § 1,5.4b—London, British Museum, inv. no. 55 7-9 1—see Gunther, Astrolabes, I, pp. 236-237 (no. 
104). On the problem of the inscription see Mayer, Islamic Astrolabists, p. 30. 

19 #7 (rete and plates) / §1.4.13b and #103 (mater and plates) / §1.5.4a—Oxford, Museum of the History of 
Science, inv. no. ICC 103—see Gunther, Astrolabes, I, p. 121 (no. 7) and 233-236 (no. 103); Mayer, Islamic 
Astrolabists, p. 30; and on the rete XIVd-2. 

20 See the description by an art historian, Michael J. Rogers, in Washington NGA 1992 Exhibition Catalogue, pp. 
215-216. 

21 In Grattan-Guinness, ed., Encyclopaedia of the History of Mathematics, I, p. 246, citing Professor Sayili’s 
monumental work on the observatory in Islam. 
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An astrolabe for 
the Sultan Ulugh Beg 




To S. M. Razaullah Ansari 




DEDICATION AND NOTES TO THIS VERSION 


I am happy to dedicate this study to my good friend and colleague, Professor S. M. Razaullah 
Ansari of Aligarh Muslim University. He had made major contributions to our understanding 
of Islamic astronomy in Muslim India, and has been personally responsible for bringing 
together interested scholars at congresses and colloquia not only inside India but also all over 
the world. His activities in numerous organizations, such as his presidencies of the Commission 
for History of Astronomy in the International Astronomical Union, and of the Commission for 
Science and Technology in Islamic Civilisation in the International Union for History and 
Philosophy of Science, have assured him a leading role in the formulation of policy and in 
our field. This notwithstanding, he has also published widely on astronomy in Muslim India. 

Our paths have crossed many times over the years, not least as a result of his almost annual 
research visits to Frankfurt and my penchant for visiting India under any excuse. Our friendship 
began in Aleppo in 1975, and was cemented by my visit to Aligarh in 1978. Out of several 
dozen papers that he has published and numerous books and conference proceedings that he 
has edited, I mention here only three that deal with instruments: 

♦> “A Comparative Study of Astronomical Instruments of Jai Singh and the West-Central 
Asian School of Astronomy” (co-author with S. A. Khan Ghori), in Proceedings of the 
Indo-Soviet Seminar on Scientific and Technical Exchanges between India and Soviet 
Central Asia in the Medieval Period , B. V. Subbarayappa, ed., New Delhi, 1985, pp. 
73-77. 

♦♦♦ “Two Treatises on Astronomical Instruments by c Abd al-Mun c im al- c Amill and Qasim 
c Al! al-Qayim” (co-author with S. A. Khan Ghori), History of Oriental Astronomy — 
Proceedings of an International Astronomical Colloquium No. 91, New Delhi, India, 
13-16 November, 1985, G. Swaru, A. K. Bag and K. Shukla, eds., Cambridge, etc.: 
Cambridge University Press, 1987, pp. 215-225. 

♦> “Two Mughal Celestial Globes” (co-author with S. R. Sarma and A. G. Kulkami), 
Indian Journal of History of Science 28:1 (1993), pp. 55-65. 

This study has not been published previously. It sort of fell together out of the descriptions 
of Iranian astrolabes before 1500 in my catalogue. Raza Ansari likes Ulugh Beg and delivered 
a paper “Indian Zlj Literature and its Indebtedness to the Zlj-i Ulugh Beg ”, at the conference 
on the occasion of the 600 th anniversary of the birth of Ulugh Beg, held at Farghana in 1994. 
Nevertheless he has established that his favourite Zlj-i Muhammad Shahl of Jai Singh is not 
entirely based on Ulugh Beg’s Zlj-i Sultanl. I hope that he will take pleasure in this account 
of an astrolabe that (I hope) was made for Ulugh Beg. 
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0 Introductory remarks 

The astronomical instruments of the Islamic Middle Ages—mainly globes, astrolabes, quadrants 
and sundials—are an important source for the history of science as well as for the study of 
Islamic brassware and Islamic art. Yet, the majority of even the most important historical 
examples are still unpublished. What we know about these instruments has been until recently 
a matter of chance. Close study of these instruments and investigation of their historical, 
astronomical and geographical aspects, as well as of their artistic features, can often yield 
surprises. 

In 1990, during routine investigations of the astronomical instruments in Copenhagen, I was 
able to ascertain that one astrolabe preserved there can be safely associated with Ulugh Beg. 
Once this was established, it was possible to identify the maker of an unsigned piece in Oxford, 
a solitary rete, as having been dedicated to Ulugh Beg’s father, the Timurid sultan Shahrukh. 

Whilst the monumental sextant erected by Ulugh Beg and his colleagues survives to this 
day, as well as descriptions of other instruments at the Samarqand Observatory, not one portable 
instrument from that milieu was previously known to have survived. We can safely assume, 
however, that there were globes, astrolabes, quadrants and sundials galore in Samarqand in 
the early 15 th century. For example, the astrolabes of the later Lahore school owe their original 
inspiration to the Samarqand school (XlVf). Here, then is the first known portable instrument 
from Ulugh Beg’s scientific circle. It would not surprise me if other such instruments were 
preserved in unstudied private collections in Uzbekistan. 1 

The instrument bears the signature of Muhammad ibn Ja'far ibn 'Umar al-Asturlabl, who 
was also called Jalal, the last but one of a family of instrument-makers—'Umar, Ja'far, Muham¬ 
mad and his son Mahmud—who originated and were apparently mainly active in Kirman (the 
name applies to a small city but also an entire province, east of Shiraz and north of Hurmuz). 
However, Muhammad / Jalal clearly also worked in Central Asia. Muhammad / Jalal completed 
this astrolabe in 830 Hijra [= 1428], He is surely the same Jalal al-Asturlabl mentioned in one 
15 th -century astronomical source as the instrument-maker at the Samarqand Observatory. 2 On 
the form of his name see XIIIb-1.5. 

It is an elegant piece, the rete being carefully decorated in a contemporaneous fashion, more 
ornate than the Abbasid astrolabes but less so than the later Safavid astrolabes. The throne bears 
an inscription that enables us to associate the piece with a ruling prince, whose name has 
unfortunately been obliterated. But the information on the plates enables us to further associate 
the piece with two localities in Central Asia and hence identify uniquely the unnamed prince 
as Ulugh Beg. We notice that the dedication, in naskhl, is apparently in a different hand from 
that of all the other inscriptions, which are in kufl. This raises questions about the authenticity 
of the former. But when inscriptions are added to an authentic instrument it is usually to increase 


1 My notes indicate that there is another astrolabe by Jalal in Tashkent, but I cannot confirm this. 

2 Sayili, The Observatory in Islam, p. 267, citing MS Tehran Masjid-i Shura-ye Milll 183, p. 2, of the Zlj-i JamT- 
i SaHdi by Rukn al-Dln ibn Sharaf al-Dln al-AmulI. 
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the sale value of the piece—witness the 17 lh -century astrolabe now preserved in Frankfurt 
with inscriptions associating it with the 13 th -century polymath Naslr al-Dm al-Tus!. 3 These 
were indeed added to achieve, and, in this case, did actually achieve, a truly astronomical sale- 
price. 

The work of Jalal represents the culmination of the family tradition. It further represents the 
missing link between the decorative work of the Ayyubid astrolabists and the later Iranian schools. 
We safely attribute to Jalal: two astrolabes (A), two globes (G), an unsigned rete and three plates 
(R+P) made for the astrolabe of c Abd al-Karlm al-Misrl now in Oxford; and a signed mater (M) 
recently auctioned in Paris. 4 In addition, there are a solitary plates (P) in an Ottoman astrolabe in 
Istanbul and London, both of which I currently think were made by him. 4 Details follow: 


Location 

Type 

No. 

Date (H) 

Diam. (mm) 

Fez DB 

A 

#2710 

796 

135/122 (?) 

Paris IMA 

G 

#6061 = S-S 61 

813 

68 

Oxford MHS 

R+P 

#7 ad #103 

827 

244 

Copenhagen DS 

A 

#3595 

830 

251 

Paris Druout 1992 

M 

#4305 

832 

?? (small) 

London BM 

G 

#6062 = S-S 62 

834 

105 

Istanbul TIEM 

P 

#4151 

- 

142 

London NG 

P 

#4150 

- 

175 


In this study, I shall concentrate on the Copenhagen astrolabe (1) but also describe the (slightly 
earlier) Oxford rete (2) and the Istanbul plate (3). The star-positions on the two retes merit a 
separate investigation; the selection of stars points to a textual source that I have not identified. 
The London plate is described in the caption to Figs. XIIIa-4.4.1a-b (by mistake the description 
was not included here). The Fez astrolabe (4) has not been properly researched yet. The Paris 
mater (5) is less exciting. I have the impression that Jalal excelled only when creating masterpieces 
for his sponsors; his other surviving pieces, both earlier and later, are less imposing. 

1 The Copenhagen astrolabe, dated 1426/27 

The astrolabe belongs to the Museum of Decorative Art in Copenhagen, and is now housed 
in the Davids Samling (= C. L. David Collection), one of the world’s major collections of 
Islamic art. 5 It bears the inventory nos. 6/1972 (Museum) and D25/1986 (David Collection). 
It has been assigned the designation #3595 in the International Instrument Checklist. The 


3 Studied in detail in Schmidl, “Ein Astrolab aus dem 17. Jahrhundert”. See also the text to Figs. XIIIa-3.6a-d. 

4 Mayer, Islamic Astrolabists, p. 68, mentions the London globe; Price et al.. Astrolabe Checklist, p. 60, lists the 
two astrolabes. See Savage-Smith, Islamic Globes, pp. 248-249 (no. 61) and now also Paris IMA Catalogue, pp. 80- 
81 (no. 1) on the Paris globe, and Savage-Smith, Islamicate Celestial Globes, p. 249 (no. 62) on the London one. 
(Neither globe bears a dedication.) 

5 The front is illustrated in Copenhagen DS Catalogue, pi. 361 on p. 214, and the rete in King, “Strumentazione”, 

p. 161. 
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Fig. 1.1: The front of the astrolabe by Jalal al-Kirmanl (#3595) showing the spectacular rete. [Main photos 
courtesy of the Davids Samling, Copenhagen. Details by the author, courtesy of the Davids Sanding.] 

diameter is 251 mm, and the thickness 5 mm. The diameter of the rete is 236 mm. The length 
and width of the alidade are 240 mm and 16 mm. 

The throne was at some stage broken off at its base but is now attached again. It is raised 
“on a wave” with six lobes and the typical family hole on each side. It is cracked at the join 
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Figs. 1.2a-b: The inscription on the back of the throne, continuing on the front. 


with the mater and has been rivetted back on, apparently very early in its life. The suspensory 
apparatus is probably contemporary, but it is not original: it originally served an instrument 
about twice as thick as this one. The rim is brazed onto the back. The scale on the rim is divided 
with astounding care for 5°/l°/0;15°, and the 5°-intervals are marked without hundreds or tens. 
The inside of the mater is inscribed (see below), and there is a peg at the bottom to hold the 
plates. A dedicatory inscription in naskhi, which lacks the elegance of the kufl inscriptions on 
the rest of the instrument, begins on the back and continues on the front: see Figs. 1.2a-b. 
Alas, the name of the person for whom the instrument was made has been deliberately 
obliterated. The inscription reads: 

a!_i*J! | (jjjl A Lil^d! .Vqi x) j ^| | ^JacA! 

... ... | Ail! AjLlXJ | ^la^-dl Aa^d! i a a ^J!^l! | 1 ai ,tl t '1 . ni ^ 3^td! 

(jldljdl C_1 j U (JAaI lilitiyi | (jl jjA [otlij ;ljSI] otL Ail! loj | lilUudl (_>J j 4lljJ | <j!iUa Ail! £3 j 


This is in rhymed prose, and its complete interpretation may eventually be facilitated by rendering 
it thus: 


4*11 jUj al 

; <yi' ■ Ujjl 

■ilitd' J-dc- 

41Uo Jc. Jl j\\ 


4itaVI (j! jjJ o^li aIiI Xoj 

t ->i44l m ) l? 


In T- V1 Aj!^a. 

jljjdt (j j£. 

41 'j ‘ ° ] 1 ^ t ^ n. . ^.1 n W V „ 

<jj4 J Al jd! Ail! AjLlXJ ^ In-. dl 

d l a . i t ! lA* ^4$^ (J^tia Ail! £3^) 

U^al 


“By order of the Treasury of the Greatest Prince ( al-amlr al-azam), pride of (all) the 
princes in the world, who fulfills ( m-x-h-h , read: munjihl) the needs of the people, who 
saves mankind from afflictions, the help of (God’s) slaves, who makes the cities flourish, 
patron of the masters of the sword and the pen ( i.e ., soldiers and scholars), 
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a b 

Figs. 1.3a-b: Details of the rete. 


ruler of the kingdoms of glory and generosity, 
beneficiary of the providence of God, splendour of the state and of the religion (of Islam), 

A/I/ U _____ [see below], 

may God raise the shadows of his (political) state over the head of Bootes ( al-simak ) 
and may He prolong his noble existence as long as the duration of the revolution of the 

spheres. Amen, Oh Lord of the Worlds.” 

The name of the recipient was in two parts separated by a line break; both parts have been 
obliterated, almost but not quite. Suppose we are dealing with a name of the form X ibn 7. 
All that remains of the name X is an initial alif in the former, signifying a name beginning 
in transcription with an “A”, “I” or “U”. Furthermore, there is an empty space above the second 
(obliterated) letter so that it could not have been, for example, a lam (as in Ulugh). All that 
remains of the name 7 is a dot underneath the middle of the name. 

Now we are dealing with a prince, rather than a sultan, so Shahrukh (d. 1447) cannot be 
intended (see further 2 below). Also we are dealing with a prince with a lot of power, for the 
inscription borders on heresy (bid c a) with its attributes and achievements of the prince. Perhaps 
the prince was Ulugh Beg, bom in Sultaniyya in 796 H [= 1394], who succeeded his father 
in 850 H [= 1447] but was murdered by his son near Samarqand in 853 H [= 1449]. His full 
name was 'Ala 5 al-Dawla Muhammad Turghay ibn Shahrukh ibn Timur, and he was known 
as Ulugh Beg, meaning simply “Great Prince”. 6 However, the name in the dedication did not 
begin with either “'Ala 5 ... ”, “Muhammad ... ” or, what one would not expect anyway, “Ulugh 
... ”. Furthermore, in the inscription he is referred to as Jalal al-Dawla wa-’l-Dln, and if this 
is part of his name, as well it might be, Ulugh Beg was called 'Ala 5 al-Dln. 


6 See the splendid volume Wilhelm Barthold, Ulugh Beg und seine Zeit (1935), translated from the 1918Russian 
version, and the EI 2 summary article “Ulugh Beg” by Beatrice F. Manz. Barthold’s book and a collection of early 
studies on Ulugh Beg’s astronomical works and observatory have been reprinted in IMA, vols. 54-55 (1998). Two 
recent short essays “Ulugh Beg as Scientist” and “The Heritage of Ulugh Beg”, are published in Kennedy, Studies, 
X-XI. On Ulugh Beg’s father see n. 10 below. 
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Ulugh Beg had several brothers, of whom at least two had some political influence. One of 
these was Ibrahim Sultan (this name begins with an alif), who ruled in Balkh from 812 to 817 H 
[= 1414], in Fars from 818 H [= 1415], and in Luristan in 826 H [= 1423]; he died in 838 H [= 
1434/35], The other was Ghiyath al-Dln Baysonghor, who functioned as Shahrukh’s lieutenant 
from 817 to 836 H [= 1414-32] and died in 876 H [= 1471/72], 

Ulugh Beg still seems to me to be the most likely candidate. It is, after all, possible that 
his name was engraved on the astrolabe as “Ibn Shahrukh Muhammad Taraghay”, or even 
“Ibn Shahrukh Ulugh Beg”. Even this, however, does not explain the dot under the second 
part of the Arabic name. 

More to the point, perhaps, Ulugh Beg was passionately interested in astronomy, had founded 
the Samarqand observatory in 823 H [= 1420], and was the most likely of all of the above 
in 830 H [= 1428], if not the only one, who would have appreciated receiving an astrolabe 
and known what to do with it. Add to this the fact that Jalal actually worked for Ulugh Beg. 
The clinching evidence, however, is the fact that, as we shall see, two of the plates were 
specifically intended for use in Samarqand and Herat, and Ulugh Beg oscillated between those 
two cities; for example, he spent time in Herat in 1422, 1425 and 1434, if not more often. 7 
I leave it to others to reconstruct the precise form of the name of the prince (or of anyone 
else) that was obliterated from the astrolabe. 

The rete is a singularly elegant piece. It is similar in design to the Oxford rete but lacks 
the dedicatory frame, which is fortunate because it would certainly have been broken off 
anyway (see the Oxford rete!). The equinoctial bar is rectilinear (without counter-changes) and 
the solstitial axis is decorated with a series of extremely ornate designs, including an endless 
knot (Fig. 1.3a), a frame around the pointer for Vega, represented by a flattened bird (Fig. 
1.3b), and a frame below the ecliptic that intersects and interacts with a protrusion on the lower 
equatorial frame. The longer star-pointers are mainly pistel-shaped, the shorter ones tiger claw¬ 
shaped. Three pairs of pointers at the top of the rete and on either side below the equinoctial 
bar form a (_)-shaped ensemble that is typical of later Iranian astrolabes. The latter pairs contain 
a dummy pointer bearing a handle and the pointer for Regulus. In the interests of symmetry, 
the lower visual vertical axis has been cunningly twisted to the right. The 29 stars represented 
are the following: 


dhanab al-hut 

fam al-qaytus 

ghul 

dabaran 

c ayyuq 

rijl 

yad 

ma'laf K129 

(= nathra in 2) 

fakka 

qalb al- c aqrab 

fard al-shuja 
qafza 

qalb al-asad 
saq 

al-hawwa 3 
al-waqi 
al-tair 
janah 

dhanab al-jady 
mankib 

shira al-yamaniya 

c andq 

shaamlya 

simak al-a c zal 

khadlb 


7 Barthold, Ulugh Beg und seine Zeit, p. 225. 
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Figs. 1.4a-d: (a) The plate for latitude 34°, serving Herat. 

(b-c) The inscriptions on the curves marking the 
azimuth of the qibla at Herat and Samarqand. 

(d) The altitude and azimuth curves around the zenith 
on the plate for latitude 40°, revealing the accuracy of 
the markings. 
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qada ramih dhanab al-qaytus 

saflna 

The two plates (see Figs. 1.4a-e) have altitude circles for each 1° and serve the following 
latitudes: 


la 

32° 

14; 8 h 

[0] 

2a 

34 

14; 19 

[0] 

2b 

36 

14;30 

[0] 

lb 

40 

14;52 

[-2] 


The first three lengths of daylight are accurate for the Ptolemaic obliquity 23;51°. The value 
14;52 h is accurate for obliquity 23;35°/23;33° but not for 23;51°. The altitude arguments for 
each 2° are written in two circular arcs midway between the three base circles and again outside 
the winter solstitial circle, continuing up the meridian to the zenith. The plates for 32° and 
34° have azimuth curves for each 5° below the horizon and the plate for 40° has them both 
above and below the horizon. The azimuth arguments are written along the horizon and again 
horizontally across the plates (compare Fig. 2.2a below). These three plates also have curves 
for twilight at 19° below the horizon for evening and 17° for morning. 8 The plate for latitude 
36° has neither azimuth nor twilight curves, but instead displays the hours since sunset. It would 
be interesting to know what Jalal intended for latitudes 32° and 36°. Perhaps he had Rayy in 
mind for the latter, although it also serves the middle of the 4 th climate. 

The plates for latitudes 34° and 40° (see Figs. 1.4a for the former) also have a curve above 
the horizon inlaid in silver for the c asr (unlabelled on the former), but the most important feature 
on these two plates is that they have similar inlaid curves for the azimuths of the qibla at Herat 
and Samarqand, respectively (labelled only with the names of these two cities)—see Figs. 1.4b- 
c. 9 The azimuths are ca. 50° and ca. 51;15° measured from the meridian. In the gazetteers of 
Jalal’s grandfather and father, apparently based on a rather hopelessly-computed table 
associated with a 13 th -century authority named Naslr al-Dln al-Shlrazl, 10 the relevant data are: 
Mecca L: 77;10° 0: 21;40° q: - 

Herat 94;20° 34;30° 53;50° 

Samarqand 98;0° 40;0° 49;0° 

The values used by some mid-15 th -century scholars in the compilation of the monumental 
Timurid geographical table that I have labeled TMR are as follows (errors in the minutes for 
q are given in square brackets): 11 

Mecca L: 77;10° 0: 21;40° q: - 


8 On twilight in Islamic astronomy see my article “Shafak” in EI 2 . On twilight parameters in Islamic astronomy 
see II, passim, especially 4.10 on the different parameters used in the Cairo corpus of tables for timekeeping. No 
parameters for twilight appear to be mentioned in the introduction to the astronomical handbooks (zyes) of al-Kashl 
or Ulugh Beg, both produced in Samarqand (see Kennedy, “Spherical Astronomy in al-Kashl’s Khaqani Zij ”, and 
Sedillot-//7,v, Prolegomenes). 

9 Illustrated already in King, Mecca-Centred World-Maps, p. 108. 

10 Ibid., pp. 75-76, and editions of the tables on pp. 587-595 

11 Ibid., pp. 149-168 and 468-469. 
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Herat 94;20° 34;30° 54;5° [0] 

Samarqand 99; 16° 39;37° 52;54° [+1] 

I have not investigated further the qibla values used on the plates, given that we do not know 
the geographical coordinates underlying them. More important is the fact that the additional 
markings on these two plates confirm that the instrument was made for a prince based in 
Samarqand who made frequent trips to Herat. 

The inside of the mater (Fig. 1.5) bears a particularly elegant set of horizons with four sets 
of half-horizons each fitted with a double declination scale marked in 3°/l° to 24°, although 
the scales terminate before 24° and it is clear (see below) that an obliquity of 23;30° (as used 
by contemporary astronomers) was accepted. The latitudes served are: 


10° 

14 

18 

62 

11 

15 

19 

63 

12 

16 

20 

64 

13 

17 

21 

65 


and there are also additional half-horizons for latitudes: 

66;30° (= 90° - 23;30°), where the “day” is 24 h and six signs rise simultaneously and 
the other six gradually ( ufq 'ard sw l al-yawm flhi kd / yatla' sitta buruj 'ala ‘l-duf a 
wa-sitta 'ala ‘l-tadrlj ); 

72°, where the “day” is 72 d and Pisces rises before Aquarius in reverse ( ufq 'ard 'b al- 
yawm flhi 'b / yatla' al-hut qabl al-dalw ma'kus an ); 

78°, where the “day” is 114 d and where Aries rises before Pisces in reverse ( ufq 'ard 
'h al-yawm flhi qyd / yatla' al-hamal qabl al-hut ma'kus an ); 

84°, where the “day” is 146 d and where Taurus rises before Aries in reverse ( ufq 'ard 

fd al-yawm flhi qmw / yatla' al-thawr qabl al-hamal ma'kus an ); and 

90°, where the year is one “day” and one “night” ( ufq s takun sana flhiyawm an wa-layl an ). 

The back of the throne bears the first half of the inscription discussed above. On the upper 
half of the back (Fig. 1.6a), there are two altitude scales and a sine quadrant with horizontal 
parallels for each 1° up to 80° (damaged on the lower left), and a shadow square (base 60) 
enclosing an unlabelled table of the fadl al-dawr, which is the excess in equatorial degrees 
of the solar year over 365 days. 12 The inscription reads simply: “Single years and tens of years” 
(ahad al-sinln wa-'asharat al-sinln) and the number of degrees is given in abjad notation for 
each of the years 1-9 and the tens 10-90, these arguments being written in Hindu-Arabic 
numerals (unusual). Significant values are: 

1: 87;15° 10: 112;30° 90: 292;30° 


12 See further Kennedy, “Zij Survey”, p. 144b and 147. On the way to use this quantity on a celestial globe to 
find the times of successive “world-years”, that is, at what times of the day the sun will pass the vernal equinox year 
by year, see Kennedy, “Al-Sufl on the Celestial Globe”, p. 63. 
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Fig. 1.5: The mater, engraved with a set of horizons, including several for latitudes above the Arctic Circle. 


AN ASTROLABE FOR THE SULTAN ULUGH BEG 


763 



Figs. 1.6a-b: The back and a detail of the signature. 
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a 



Figs. 1.7a-b: The alidade and pin. 

—> 

Fig. 2.1b: The dedication on the splendid astrolabe dedicated to Shah 
'Abbas II (#18), made by Muhammad Muqlm al-Yazdl in 1057 H 
[= 1647/48], [From Gunther, Astrolabes, I, pi. XXX opp. p. 132; object 
in the Museum for the History of Science, Oxford.] 



from which it appears that the excess for one year is simply 87; 15° with no extra sexagesimal 
digits. This is the value derived by the celebrated Egyptian astronomer Ibn Yunus ca. 1000 
and used by Naslr al-Dln al-Tusl {ca. 1250) and al-Kashl {ca. 1420). 13 A different value was 
used in the Sultani Zlj of Ulugh Beg, which was completed only in 842 H [= 1438/39]. 

Around the shadow square is the inscription (part of which is shown in Fig. 1.6b): 

|| l—liLall I | ^yaC. (jj jiu (jj a | 4. L/I 

■>. Wr. j | j | (_)■ a | 


“Constructed by Muhammad ibn Ja c far ibn ‘Umar al-Asturlabl called Jalal 
in the year 830 Hijra and 796 Yazdigird and 1738 Alexander [= 1426-27].” 

In the lower half there are shadow-scales for bases 12 and 7 marked al-asabi and al-aqdam, 
“digits” and “feet”, and within these are astrological scales labelled “the limits of the Egyptians 
and the faces, the darijan, the lords of the triplicities by day and by night” {hudud al-misriyyin 
wa- ’l-wujuh wa- ’l-darljan wa-arbab al-muthallathat \bi-\ ’l-nahar wa- ’l-layl ). For each sign 


13 Information kindly provided by Dr. Benno van Dalen. Note that al-Tusl in his Ilkhani Zij simply took over 
most of Ibn Yunus’ solar, lunar and planetary mean motions, and al-Kashl’s Khaqanl Zlj is a reworking of that of al- 
Tusl. 
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this information is given in four main groups (separated by a double circular band). In the 
second planetary symbols are used (for lack of space), and in the others the names of the seven 
celestial bodies are preferred. 

The alidade (Fig. 1.7a) is original bears a scale of universal shadows on one half and a 
uniform scale to 60, marked in 5-unit intervals, on the other. The vanes have a cut-out at the 
top and a small circular hole just below it. The pin is particularly elegant (see Fig. 1.7b). 

2 The Oxford rete, dated 1423/24, and plates 

“This addition to a Syrian instrument of A.D. 1227-8 was made by a Persian craftsman two 
hundred years later.” Robert T. Gunther, Astrolabes of the World (1932), I, p. 121. 

“(The rete) is a replacement, perhaps of Persian origin....” Francis R. Maddison, “The Barber’s 
Astrolabe” (1992), p. 350. 

Of the two surviving astrolabes by the late-13 lh -century Damascus craftsman c Abd al-Karlm 
al-Misrl, preserved in the British Museum (#104) 14 and the Museum of the History of Science 
at Oxford (#103), 15 the rete now on the latter is a replacement. Already Gunther noted that 
the rete was a “Persian” addition and thoughtfully listed it separately (#7). 16 It has not been 
previously noted that the plates on the Oxford astrolabe are not original either. Both of these 
magnificent pieces merit a separate study, and our attention here is restricted to the replacement 
rete on the Oxford piece, which, it has not been previously noted, is clearly by Jalal. The rete 
bears a double date 827 H and 793 Y [= 1423/24] engraved on the equinoctial bar, indicating 
that it was expressly made for the Oxford astrolabe. It has a diameter of 24.4 cm, the mater 
having a diameter of 28.0 cm. 

The attribution of this rete to Jalal is evident from its similarities to the rete of the Copenhagen 
piece. This solitary rete once featured the name of the ruling sultan, but his name has been 
broken off and only the letters l-t of s-l-t--n (= sultan) remain. With some stretching of the 
imagination, one could read s-l-t-\ and the final (which would be separated from the rest of 
the word). One would expect al-Sultan followed a name. There is certainly room for a short 
name to have been attached to the now broken bars stemming from the decoration above the 
centre. Our understanding of this inscription is somewhat facilitated by an almost identical 
inscription, this time complete, on a later astrolabe dedicated to the Safavid ruler 'Abbas II 
(#18) in 1057 H [= 1647/48]: see Fig. 2.1b. Here we find unmistakably the letters l-t-\ with 


14 Gunther, Astrolabes, I, pp. 236-237 (no. 104); also Washington LC 1992 Exhibition Catalogue, pp. 215-216 
(no. 112), with important considerations by Michael Rogers on the problematic inscription. 

15 Gunther, Astrolabes , I, pp. 233-236 (no. 103). 

16 Ibid., I, p. 121 (no. 7). Francis Maddison, “The Barber’s Astrolabe”, sees in the Oxford piece the astrolabe 
inlaid in silver mentioned in the 1001 Nights. However, 8 out of 13 known Ayyubid and Mamluk astrolabes are 
inlaid in silver, and the Oxford astrolabe was made in Damascus, not Cairo where the story of the barber with the 
astrolabe was coined. There is an astrolabe in the Turk ve islam Eserler Miizesi (inv. no. 2970, #4036), made in 
Cairo in the late 13th century (681 H) and bearing inscriptions in Coptic and Arabic, which is inlaid in silver all 
over. It is a modest 11.4 cm in diameter, and would at least have fitted into a barber’s pocket, if there ever was a 
barber. (The two versions of the barber’s tale in the 1001 Nights mention conjunctions in 653 and 763 H, respectively; 
the astronomical and astrological information in the tale is corrupt in all of the published editions and translations, 
but can be partly restored.) 
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Fig. 2.1a: The rete attributable to Jalal al-Kirmanl (#7) fitted inside the mater by c Abd al-Karlm al-Misrl (#103). 
[From Gunther, Astrolabes , pi. LIII opp. p. 234; object in the Museum of the History of Science at Oxford.] 
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Figs. 2.2a-b: Two of the plates by Jalal al-Kirmanl in the Oxford astrolabe (#103). A comparison with those 
on the Copenhagen piece suffices to establish their maker. They are quite different from those in the London 
astrolabe of c Abd al-Karlm al-Misrl (#104). These two serve latitudes 40° and ca. 66;30°. [Courtesy of the 
Museum of the History of Science, Oxford.] 


what could be interpreted as an 5 before them and an n after them, that is, sultan. Below this 
we find a clear dedication to Shah c Abbas-i thanl, “Shah ‘Abbas II”. 

If the instrument was made in Khurasan or Transoxania (see the Copenhagen piece), the ruler 
would have been the Timurid sultan Shahrukh ( reg . 807-850 H [= 1405-1447] from 
Samarqand). 17 If it was made in N. W. Iran the ruler would have been Iskandar ibn Yusuf of 
the Qara Qoyunlu line, who reigned over Iraq and Azerbeijan from Tabriz (823-841 H [= 1420- 
38]). 18 The former seems the more likely. 

One could imagine that the piece was liberated from the royal treasury in Damascus during 
the Mongol invasion of 1260 and taken back to Central Asia. Surely, it originally had a richly- 
decorated zoomorphic rete like that of the London astrolabe. In any case, Jalal provided it with 
another rete, which, probably shortly thereafter, also got damaged. No sultan would have been 
happy with a gift that was not all of one piece, so Jalal cannot have presented the whole piece 
to the sultan; the latter must have had it in his possession and simply commissioned Jalal to 
complete it. If only these instruments could talk! 

Gunther relates that in the late 19 th century it was almost acquired by the Prussian Emperor 
Wilhelm Hohenzollem, who planned to substitute his own name for that of the Mamluk sultan 
to whom it was originally dedicated, and then take it with him on a planned trip to the so- 
called Holy Land. Fortunately, it was acquired for Oxford by Lewis Evans (for 175 guineas 
in 1902) and spared this ultimate indignity. 


17 See the EI 2 article “Shahrukh b. Timur” by Beatrice F. Manz. 

18 See de Zambaur, Manuel, pp. 257 and 269-270 and Table T, and Bosworth, Islamic Dynasties, 2nd edn., pp. 
270-271 and 273. 
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The rete is as elegant as that on the Copenhagen astrolabe, which post-dates it by four years, 
and, for our purposes, the fact that the main inscription has been broken off is a tragedy. 
Virtually all of the markers are floral in design, some serving two or three stars; some groups 
are named on the circumferential bar (these are underlined below). The star ( al-nasr ) al-waqi 
alone is represented by a figure, a flattened bird. The star al-shira ( al-yamaniya ) is cleverly 
represented at one side of a gap in the bridge below the equatorial bar, the frame bearing this 
star being twisted slightly to the right of the solstitial axis, as on the Copenhagen piece. The 
handle on the left-hand support of the equatorial bar is broken off and only a hole remains. 
The number of stars represented can only be determined when the pointers have been properly 
investigated because some flowers have three points but only two names. 

The identification of the stars is not without its problems. We are dealing here with a previously- 
undocumented tradition of astrolabe stars, and some of them have still not been identified. The 
selection of stars clearly depends on a deliberate attempt to have pointers that are roughly 
symmetrical with respect to the vertical axis of the rete. Jalal has used a subgroup of these on the 
Copenhagen astrolabe (1: the numbers are underlined below), and an Ottoman astrolabe in the 
Iranian tradition (XlVe) bears another subset of these stars. Clearly the tradition merits further 
investigation. The 39 stars are as follows, with the usual references p/q to Paul Kunitzsch’s lists of 
astrolabe stars, and Kr to his lists of Arab star-names. 19 


1 

(al-)na amat 1/2 (?) 

0/0 

one or possibly two of 
x n C 0 r| Ceti (K184) 

2 

musalsala 

20/7 

(3 Andromedae 

3 

dhanab al-hut 

0/0 

identification uncertain 

4 

sadr al-qavtus 

0/5+K178 

a Cassiopeiae 

5 

(al-)ghul 

9/14 

(3 Persei 

6 

fam al-qavtus 

0/0 

yCeti 

7 

nahr 

38/12 17? 

0 Eridani 

8 

(al-)dabaran 

24/18 

a Tauri 

9 

(al-y ayyuq 

10/20 

a Aurigae 

10 

rijl (al-jawza) 

37/19 

(3 Orionis 

11 

yad (al-jawza ) 

36/22 

a Orionis 

12 

(al-)shfra al-yamaniya 

39/23 

a Canis Maioris 

13 

(al-shira j-)sha‘ amiya 

40/25 

a Canis Minoris 

14 

(al-)safina 

0/27 

p Puppis 

15 

(al-)nathra [M8] 

0/0 

e Cancri, etc. (?); 


(= al-malaf'm 1) 


(M8; see K201, also K156) 

16 

[i dhanab ?] 

(written d-x-x-j 

? 

? 


19 Namely, “al-Sufi and the Astrolabe Stars”, pp. 158-161, and idem, Arabische Sternnamen, pp. 59-96, as well 
as idem, Sternnomenklatur der Amber. 
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17 

fard al-shuia 

42/29 

a Hydrae 

18 

qalb al-asad 

26/30 

a Leonis 

19 

saq al-shuia 

0/0 

? 

20 

batn al-shuia 

0/0 

? 

21 

rijl (al-dubb) 

0/28 

p, Ursae Maioris 

22 

qafza 

0/56 

v £, (or only v) Ursae Maioris 


23 

(al-simak al-)a c zal 

29/39 

a Virginis 

24 

dhanab 

? 

? 

25 

(al-fanaq 

0/0 

^ Ursae Maioris (K33) 

26 

(al-simak al-)ramih 

1/41 

a Bootis 

27 

[(al-munlr min al-)fakka ] 

2/45 

a Coronae Borealis 


(no name — pointer broken) 



28 

qalb al- aqrab 

30/48 

a Scorpionis 

29 

[ra 5 al-hawwa ?] 

11/51 

a Ophiuchi 


(no name — pointer broken) 



30 

(al-nasr al-)waqi 

4/53 

a Lyrae 

31 

[al-nasr al-tair\ 

13/54 

a Aquilae 


(unnamed, only base of pointer remains) 


32 

janah (al-faras) (?) 

16/3 

y Pegasi 


(in XIVe-1 this becomes janah al-dajaja) 


33 

fam (al-faras) 

19/58 

e Pegasi (see no. 35) 

34 

dhanab al-jady 

32/59 

5 Capricorni 

35 

jahfala(t al-faras) 

19/58 

8 Pegasi (see no. 33) 

36 

mankib (al-faras) 

17/62 

(3 Pegasi 

37 

kaff al-khadib 

7/2 

(3 Cassiopeiae 

38 

(al-)difda c (al-)thani 

0/0 

[3 Ceti (K76a=b) 

39 

dhanab (al-qaytiis) 

35/4 

t Ceti 


The stars on 1 are, as noted above, a subset of these. I have not identified the star-table from 
which these stars were taken. Future researchers should keep an eye open for such unusual stars 
as al-nathra / al-ma c laf (15), al-qafza (22) and al-difda al-thanl (38). See also XIVe-1 for a 
related set of stars on an astrolabe made for the Ottoman Sultan Bayazld. 
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The plates are clearly also by Jalal, although this has not been previously noted. They are 
superbly worked for each 1 0 of altitude and the lower arguments are also engraved around the 
outer limb. All but one have azimuth curves below the horizon (A-) for each 5° of argument, 
with the distinctive arrangement of the arguments across the markings: see Figs. 2.2a-b. The 
latitudes served are: 


la 

LO 

O 

o 

A- 

13;58 

[0] 

2a 

34 

A- 

14; 19 

[0] 

3a 

36 

A- 

14;30 

[0] 

2b 

40 

A- 

14;52 

[-2] 

lb 

44 

- 

15 

[-22!] 

3b 

[ca. 66;30] 

A- 

- 

- 


The plate for 44° also has the hours since sunset. The latitudes 34° and 40° are clearly for 
Herat and Samarqand. The latitude 36° can serve any locality in the middle of the 4 th climate. 
With 30°, Jalal probably intended his family seat in Kirman. Its latitude (accurately 30° 18') 
was taken as 30;0° already by al-Khwarizml, which value remained popular for centuries. 20 
With 44°, he was clearly thinking of the 6 th climate, which would have been better served by 
45°, but there the longest day is 15;30°. The lengths of daylight are based on obliquity 23;51°, 
and some liberties have been taken. For latitude 40°, 14;52 h is accurate for obliquity 23;35°. 

I do not have any photos of the mater, which Gunther stated is engraved with “a scale of 
the ‘ankabut coordinates’ arranged in 4 groups of 15 each”. This makes no sense, and it seems 
that four sets of horizons are meant. Notice that the Copenhagen horizon plate has four groups 
of 14 each. On the other hand, the mater of the London astrolabe of c Abd al-Karlm al-Misrl 
has “ankabut coordinates” for latitude [ca. 66;30]°. A quick inspection of the Oxford astrolabe 
could establish whether these horizons are by c Abd al-Karlm al-Misrl or by Jalal. 

3 The solitary Istanbul plate 

In the Turk ve islam Eserleri Miizesi (Museum of Turkish and Islamic Archaeology) in Istanbul 
there is a late Ottoman astrolabe bearing the name of Yusuf. The inventory number is T2970 
and International Instrument Checklist number is #4151. A spurious plate now fitted in this 
instrument is clearly the work of Jalal. The diameter of the plate is 142 mm, so that it would 
not fit into any of the three astrolabes by Jalal described here (Copenhagen, Oxford, Fez). The 
peg at the bottom has broken off. 

We may compare not only the astronomical markings and the azimuth arguments written 
horizontally across the plate but also the distinctive shape of the letter ghayn in the word al- 
maghrib. 

One side—see Fig. 3 a— bears a set of altitude circles for each 3° and azimuth circles for 
each 10° below the horizon. The arguments are labelled in the usual fashion and the inscription 
reads: 


20 Kennedy & Kennedy, Islamic Geographical Coordinates, pp. 187-188. See also the Addenda at the end of this 
volume {ad IX). 
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Fig. 3a-b: The two sides of a spurious plate by [Jalal] found in an Ottoman astrolabe (#4151). The imprint of 
the new rete is to be seen on the plate for Mecca. [Courtesy of the Turk ve islam Eserleri Miizesi, Istanbul.] 


“Latitude of Mecca—may God strengthen it Cammaraha ‘llah )— 

21;40°. Its hours are 13; 17.” 

The “hours” correspond to latitude 21°, not 21;40°, with obliquity 23;35° or 23;30°. On the 
other side—see Fig. 3b —are four sets of half-horizons for latitudes: 


12 

20 

28 

36 

44 

52 

60 

14 

22 

30 

38 

46 

54 


16 

24 

32 

40 

48 

56 


18 

26 

34 

42 

50 

58 



There are also horizons for latitudes 66;25°, 72°, 78°, 84° and 90° with the same inscriptions 
as the horizon plate on the Copenhagen piece. The four declination scales are divided 6°/l°- 
6° to 24°. 

4 The Fez astrolabe, dated 1393/94, with some additional markings in Armenian script 

An astrolabe now in the Dar al-Batha, Fez, with inventory no. 764 and International Instrument 
Checklist no. 2710, is also by Jalal, probably from the time before he (?left Kirman and?) went 
to Samarqand. The instrument has a diameter of either 135 mm (notes of Alain Brieux) or 122 
mm (Paris Catalogue). Although the date 796 H [= 1393/94] does seem rather early, the reading 
is clear. It is not in the same class as the Copenhagen astrolabe or the Oxford rete and Istanbul 
plate, being more typical of the productions of his grandfather and father. Those other pieces 
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Figs. 4a-b: The front and back of the Fez astrolabe (#2710). There are additional markings by an Armenian 
craftsman on the scale around the mater and the ecliptic scale. [I have no idea about the source of these photos, 
which are rather good. I found them whilst sorting out illustrations for this book.] 
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Figs. 4b. 
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well reflect what a competent craftsman can achieve when he has a generous sponsor and an 
intellectual milieu conducive to excellence. 

I have not seen this instrument, but in May, 2004, came across photos of the front and back: 
see Figs. 4a-b. One could argue that it has not fared well, neither when it first landed in the 
Maghrib, nor more recently. Centuries ago, some Maghribi craftsman did not like it, and tried 
to fix it up according to his own limited local tradition. In 1990, it was to have been featured 
in the Exhibition on the Maghrib at the Musee du Petit Palais, Paris, but none of the astrolabes 
from Morocco reached Paris, and the catalogue entries are pathetically inadequate. 21 

On the other hand, there are additional markings of some historical interest. When I first saw 
the additional numbers on the outer scale and ecliptic scale I thought these might be in al-qalam 
al-fasl, “chiffres de Fes”, which keep showing up in Andalusi, Maghribi and Spanish Latin 
sources. 22 What would have been more appropriate for an Iranian astrolabe ending up in Fez? 
Besides, the additional Western Arabic month-names on the back were clearly added by a Maghribi. 
However, as Roser Comes of Barcelona pointed out to me, the additional numbers are not “chiffres 
de Fes”, but rather lower-case Armenian alphanumerical notation. Where these numbers were 
added is an open question, and anybody who pursues it should also consider the two Oxford 
astrolabes of Khafif discussed in XIIIb-1.1-2, which have additional star-names in Armenian. 


5 The Paris mater, dated 1428/29 

In 1992 a solitary mater by Jalal (#4305) was auctioned at Drouot in Paris, fitted with a fake 
rete and set of plates. 23 I do not know the size of this piece, but it is clearly small. The throne 
is worked a jour, and the mater contains a gazetteer in the family tradition. On the upper left 
of the back there is a wadly-wom trigonometric quadrant with horizontals for each unit, and 
on the upper right a universal horary quadrant. The lower back bears astrological tables and 
a typical signature by Jalal and the date 832 H / 798 Y / 1740 A, which corresponds to 1428/ 
29. No decent photos are available to me. For the fake rete and its quatrefoil decoration see 
Fig. XVII-1.9d. 


21 Paris MPP 1990 Exhibition Catalogue, pp. 240-241 (no. 475), with an illustration of the front. 

22 R. Comes, “Urgell Alphanumerical Notation”, and the earlier studies there cited. See, in particular, Colin, 
“Chiffres de Fes”; Labarta & Barcelo, Numeros y cifras ; and King, The Ciphers of the Monks, p. 314. 

23 A brief description by Dominique Brieux in Paris Drouot 23.12.1992 Catalogue, lot 38, notes the importance 
of the rete and the problems of the other components. 
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Two astrolabes 

for the Ottoman Sultan Bayezit II 




To Ekmeleddin ihsanoglu 




DEDICATION, 

ACKNOWLEDGEMENTS AND NOTES TO THIS VERSION 


This study is dedicated to my good friend and distinguished colleague, Prof. Dr. Ekmeleddin 
ihsanoglu, appointed in 2003 Secretary General to The Islamic Conference. We have met many 
times in many different places over the years, and I would love to meet him one day in Egypt, 
not least to see the reaction of our Egyptian colleagues to the two of us conversing in Egyptian 
colloquial. To his great credit, Professor ihsanoglu has been personally responsible for furthering 
the history of science in Turkey. He has directed the Research Centre for Islamic History, Art 
and Culture (IRCICA) since its inception, and provided Istanbul with a centre of scholarship 
on Islamic civilization second to none. He has also organized a series of conferences bringing 
together researchers from all over the world. The website www.ircica.org gives an overview 
of IRCICA’s activities and the impressive range of their publications, which indeed cover all 
of the areas indicated by the name of the Institute. Here I mention only the monumental bio- 
bibliographical series of six volumes published by Ekmeleddin ihsanoglu and several of his 
colleagues on Ottoman astronomy, mathematics and geography, which have raised the subjects 
to new heights, and which provide reliable reference works for all future researchers: 

♦♦♦ Osmanli astronomi literaturii tarihi—History of Astronomy Literature during the 
Ottoman Period, 2 vols., (Studies and Sources on the History of Science, Series No. 7), 
1997. 

♦♦♦ Osmanli matematik literaturii tarihi—History of Mathematics Literature during the 
Ottoman Period, 2 vols., (Studies and Sources on the History of Science, Series No. 8), 

1999. 

♦♦♦ Osmanli cograjya literaturii tarihi—History of Geographical Literature during the 
Ottoman Period, 2 vols., (Studies and Sources on the History of Science, Series No. 9), 

2000. 

The original version of the present study, entitled “Homage to an Ottoman Sultan: Two 
Astrolabes Dedicated to Bayezit II”, is to appear in the Festschrift for Ekmeleddin ihsanoglu 
currently in press. In this version I have suppressed the usually indispensable section entitled 
“What is an astrolabe?”, and fixed up numerous cross-references. 

For photographs of the two astrolabes discussed here I am grateful to Mme Dominique Brieux 
of Paris and Sotheby’s of London. 
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0 Introductory remarks 

In this study, I shall discuss two astrolabes dedicated to the Ottoman Sultan Bayezit II ( reg. 
1481-1512). 1 The first, made in 1504/05, is preserved in the Museum of Islamic Art in Cairo. 
It is not unknown to the literature on the history of Islamic art but has never been properly 
published. The second, made the following year, came to light in 1998 at an auction of Sotheby’s 
in London and my description of it was published in the auction catalogue. As far as I know, 
there are no other known astronomical instruments dedicated to an Ottoman sultan, not even 
in the Topkapi Sarayi Museum. 

The history of early Ottoman astronomy in general (14 th to early 16 th century) has not yet 
been properly researched. It was influenced by the Seljuq Turkish tradition (Anatolia, 13 th 
century), of which very few sources and not a single instrument survive; 2 by the colourful 
Mamluk tradition (Egypt and Syria, 13 th to 15 th century), 3 and by the vigorous Ilkhanid and 
Timurid traditions (Iran and Central Asia, 13 th to 15 th century). 4 The sources for Ottoman 
astronomy in general have recently been properly documented for the first time, 5 and the amount 
of important research for the future is daunting. It would be a good idea if some researchers 
would dedicate their investigations to the astronomy of the early period. 6 

The interest of Bayezit II in astronomy is well known. 7 He studied mathematics and astronomy 
with his private teacher, who was none other that Mlram Chelebl, the grandson of Qadl Zade 
al-Ruml, director of Ulugh Beg’s observatory at Samarqand. Numerous astronomers dedicated 
their works to him, including treatises on instruments and highly sophisticated tables. He himself 
commissioned his teacher to prepare a Persian commentary to the astronomical tables of Ulugh 
Beg. Also, the institutions of court munajjims (astronomer-astrologers) and mosque muwaqqits 
(timekeepers) were well established in his time. 8 

The early Ottoman tradition of instrument making (14 th to 16 th century) is represented only 
by these two presentation pieces for Bayezit II. All other Ottoman astrolabes are later than these 
two, indeed at least a century later. Out of a total of some 30-odd pieces, 9 none shows any 


1 Article “Bayazld II” by V. J. Parry in EI r 

2 See, for example, Sayili, The Observatory in Islam, pp. 253-255, also II-14.1-2. 

3 See King, “Astronomy of the Mamluks”. 

4 See Kennedy, “Exact Sciences in Iran”. 

5 See ihsanoglu et al., eds., Ottoman Astronomical Literature (in Turkish). Much of the basic bio- 
bibliographical data in that work is now available in English in Rosenfeld & ihsanoglu, MAIC. 

6 As a carrot, I mention that Jamil Ragep has recently discovered discussions of the possibility of a heliocentric 
universe in the writings of c All Qushjl (d. 1474), namely, his Persian Risala dar ‘ ilm-i hay 1 a and its Arabic 
translation al-Risala al-Fathiyya, prepared for Sultan Fatih Mehmet (Rosenfeld & ihsanoglu, MAIC, nos. 845- 
Al-2): see Ragep, “TusI and Copernicus”. 

7 See Adivar, Science ottomane, pp. 28, 35, 43-52; the numerous references in ihsanoglu et al., eds., Ottoman 
Astronomical Literature, II, p. 992; as well as King, “Ottoman Timekeeping”, pp. 247-248. 

8 On the latter see King, “Ottoman Timekeeping”, and the more detailed investigation in 11-14. 

9 Preliminary descriptions of these have been prepared in Frankfurt as part of a larger project to document 
all medieval Islamic and European instruments—see King, “Instrument Catalogue”, announced over a decade ago 
with much enthusiasm and still in preparation. For a table of contents of the catalogue and a bibliography of 
recent publications on instruments see: www.uni-frankfurt.de/fbl3/ign/instrument-catalogue.html, with most 
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indication of having been influenced specifically by either of these two pieces. 

1 An astrolabe by Mukhlis Shirwani made in 1504/05 

This piece—see Figs. 1.1-2 —is preserved in the Museum of Islamic Art, Cairo, with inventory 
number 15360. It was formerly in the Harari Collection (no. 235?—last digit uncertain), but 
its earlier provenance is unknown. It is made of brass, with some silver and gold inlay. Its 
diameter is 18.3 cm, and its thickness 0.6 cm. It has been illustrated several times 10 but never 
“published”. 11 It has the number 12 in the International Instrument Checklist. 12 I inspected it 
in 1992, but was not allowed to catalogue it or any of the other Cairo instruments. The following 
description, taken from §1.4.17 of my unpublished (and still incomplete) catalogue of medieval 
Islamic and European instruments, was therefore prepared without the appropriate idhn. Also, 
the Museum could not provide decent photos. 

Description 

This is an elegant instrument with kufi inscriptions and is clearly in the Iranian tradition. It was 
made for Bayazld II in the year 910 H by an individual from Shirwan in the Caucasus. 

The throne is elegantly and ornately decorated with foliate patterns in inlaid silver and gold. 
It has six lobes on each side. The suspensory apparatus is standard and appears to be original. 
The scale on the rim is divided 5°/l° and labelled for each 5° without hundreds or tens. There 
is a prominent peg at 315° on the mater to hold the plates (unusual). The mater itself is roughly 
engraved with the two base-diameters. 

The rete is highly ornate; in fact, it is over-decorated and the actual positions of some of the 
star pointers are not completely clear. The equinoctial bar is rectangular and prominent. Both 
the rectilinear bar to the lower left of the left hand side of the equinoctial bar and the long pointer 
for qalb al-asad that is symmetrical to it with respect to the vertical diameter pass between a 
pair of substantial curved pointers in the form of a crab’s claws. The basic design of the pairs 
of claws on either side has been embellished with a series of leaf-motifs. The lower equatorial 
bar has arcs of circles at each end, attached to the pointer for qalb al-asad on the right and 


Ottoman pieces listed in §2.3 (see now XVIII). Several Ottoman astrolabes are featured in Kandilli Instrument 
Handbook and Paris IMA Catalogue. A handlist of astrolabes is in Price et al.. Astrolabe Checklist. 

10 On this instrument see already Gunther, Astrolabes, I, p. 126 (no. 12); Pope, ed., Survey of Persian Art, 
III, p. 2518, and VI, pi. 1399, illustrations also in Hartner, “Astrolabe”, A, pis. [3]A-B (front and back); Mayer, 
Islamic Astrolabists, p. 83 (under “Shukr Allah Mukhlis”, with additional bibliography); and Musaylahl, al- 
Asturlab, p. 61, and pis. 20-22 (front, back and inscriptions). The piece has been misdated to [8]91 Hijra [= 1486], 
but the date is clearly 910 Hijra [= 1504/05]. 

In the Institut fur Geschichte der Arabisch-Islamischen Wissenschaften in Frankfurt am Main there is a rather 
inelegant modern copy of this astrolabe. In the description of it in Sezgin & Neubauer, Wissenschaft und Technik 
im Islam, II, p. 109, the date is interpreted as 1091 H [= 1680], and the dedicatee as (a mythical) Sultan ibn 
A'zam ibn Bayazld, “wohl ein Nachkommen des osmanischen Sultans Bayazld II”. Fortunately the authors 
refrained from trying to identify the name of the maker of this, the earliest and most spectacular Ottoman astrolabe. 

11 This means providing a technical description, and, where appropriate, comparing with other instruments. 
See further XIIIa-3. 

12 Price et al., Astrolabe Checklist, p. 11, etc. 
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Figs. 1.1-2: The front and back of the astrolabe of Mukhlis ShirwanI (#12). [From the L. A. Mayer Memorial 
Collection in Jerusalem ca. 1950, kindly provided by Dominique Brieux from the collection of the late Alain 
Brieux of Paris.] 
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Fig. 1.2 
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to a dummy pointer on the left that extends as far as the ecliptic and bears a handle; it also 
yields to decorative frames at the middle—see below. Distinctive are the arched trefoil around 
the pointer for al-waqi\ shaped like a bird with outstretched wings, and the similar bird-figures 
facing it inside and outside the ecliptic on the solstitial axis, as well as the heart-shaped 
configuration supporting one of these birds at the middle of the equatorial bar. The pointers 
for fu qaytus and fard al-shuja pass under the two circular arcs at the end of the equatorial 
bar, so devised as not to obscure the pointers. There is also a simple knotted design above the 
lower middle of the circumferential frame. There are no markings of consequence on the back 
of the rete. 

The scale of the ecliptic is divided into 6°-intervals for each sign, subdivided into 3° and then 
1°. The names of the first, third, ... , eleventh signs are inlaid in gold. There are pointers for 
26 named stars, here listed in order of increasing right ascension (counter-clockwise from the 
vernal equinox) and to some extent identified using Paul Kunitzsch’s lists of astrolabe stars 
(problem stars are boxed): 13 


Star 


Kunitzsch nos. 

Designation 

1 

dhanab al-hut 

0 

identification uncertain 

2 

ghul 

9/14 

(3 Persei 

3 

fu qaytus 

0 

y Ceti 

4 

c ayn al-thawr 

24/18 

a Tauri 

5 

c ayyuq 

(no sharp pointer) 

10/20 

a Aurigae 

6 

rijl 

37/19 

(3 Orionis 

7 

yad 

36/22 

a Orionis 

8 

al-shira al-yamanl 
(no obvious pointer) 

39/23 

a Canis Maioris 

9 

al-sha’amiya 

40/25 

a Canis Maioris 


(pointer at right side of leaf; see also no. 10!) 


10 

al-saflna 

(for taraf al-saflna ) 

0/27 

p Puppis 

11 

al-shad amiya 

40/25 

a Canis Minoris 


(star repeated (see no. 

9), and incorrectly situated 

on the ecliptic!) 

12 

fard al-shuja 

42/29 

a Hydrae 

13 

al-qafza 

0/K56 v (or only v) Ursae Maioris 

14 

qalb al-asad 

26/30 

a Leonis 


13 The numbers are those in Kunitzsch, “al-Sufi and the Astrolabe Stars”, pp. 158-161, and idem, Arabische 
Sternnamen, pp. 59-96. It is a pleasure to thank Professor Paul Kunitzsch (Munich) for his assistance with some 
of the non-standard stars featured on this astrolabe. 
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15 

al-batiya 

0/32 

a Crateris 

16 

al-simdk al-a 'zal 

29/39 

a Virginis 

17 

al-ramih 

1/41 

a Bootis 

18 

al-fakka 

2/45 

a Coronae Borealis 

19 

qalb al-diqrab 

30/48 

a Scorpii 

20 

al-hawwa 

11/51 

a Ophiuchi 

21 

al-waqf 

4/53 

a Lyrae 

22 

al-tair 

13/54 

a Aquilae 

23 

janah al-dajaja 

0 

8 Cygni (?) 

24 

dhanab al-jad[y] 

32/59 

5 Capricomi 

25 

al-mankib 

17/62 

(3 Pegasi 

26 

dhanab qaytus 

35/4 

t Ceti 


The selection of stars is reminiscent of that on the Oxford rete of Jalal al-Kirman! (see XlVd- 

2 ). 

The plates bear altitude circles for each 3° and no azimuth circles, except for the plate for 
latitude 41°, which has azimuths for each 10° below the horizon (marked A- below). The altitude 
arguments appear twice, inside each of the two outer base circles and along the meridian up 
to the zenith, and the seasonal hours are also numbered twice in abjad notation. On the one 
plate the azimuth arguments are labelled beneath the horizon and “crescent”. The words al- 
maghrib and al-mashriq are engraved below the horizon. The latitudes served are the following: 


la 

21 


- 


2a 

30 


- 


2b 

33 


- 


3a 

36 


14;30 h 

[0] 

3b 

38 


14;42 

[0] 

4a 

40 


14;50 

[-4] 

4b 

41 

A- 

15 

[-1] 


The lengths of daylight are promised on all plates. Those that are given, or at least the first 
two, are based on the Ptolemaic obliquity 23;51° (!). The value 14;50 h for latitude 40° may have 
been computed with the preferred Ottoman obliquity value 23;29° (accurately 14;51 h ), and the 
value 15 h for 41° is simply a (reasonable) approximation (as well as a gentle reminder that 
Istanbul was thought to be at the middle of the 5 th climate). The altitude circles are rather crudely 
engraved given the overall elegance of the instrument—in particular the fact that the sad for 
90 has been written cosily inside the circle for 87° is proof that the upper circles are somewhat 
distorted. The shapes of some of the abjad numerals are unusual, especially those for 3, 8 and 
9. Each of the plates has a cut-out in a position so that it fits the unusually-situated peg on the 
mater, and so the astrolabic markings are engraved on both sides of each plate so that the 
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meridians line up perfectly with the scale on the rim. Two of the latitudes have been repeated 
in modern Arabic numerals—see below. 

Plate lb bears four sets of half-horizons, rather roughly engraved. The declination scales are 
divided for each degree on either side of the equatorial circle but the divisions are not labelled. 
The latitudes served are: 


20 

25 

32 

38 

43 

46 


24 

30 

36 

44 

48 

54 

60 

28 

36 

39 

45 

54 

58 


66 

70 

75 

80 

85 

90 



Note that there is some repetition and several awkward gaps in the latitudes. 

The back has two altitude scales, with two sexagesimal (base 60) sine quadrants on the upper 
half. The one on the left has equi-spaced lines horizontal lines for each unit and equi-spaced 
verticals for each five units, with bold dots at the intersections for each 5 units. The one on 
the right has quarter-circles, horizontals and verticals for each 5 units on the right. The 
arguments 5—10—15 are written below the right-hand side of the vertical diameter. On the 
first quadrant, the radius is drawn for argument 45°: it is not clear why. In the lower left quadrant 
there is a shadow square (base 12) with a scale divided and labelled for each digit, and the 
remaining quadrant is empty of astronomical markings but for a shadow-scale (again to base 
12) on the rim, which is divided for each 5 units, labelled and subdivided into single units, 
up to 50. 

There are two inscriptions across the lower half of the back. 14 The upper one consists of two 
rhymed strophes in Persian, and it reads: 

Aljjlj jdaC-l (jUalu: jlaj | ApJ (jljj Clulli j aj ) \;-■' 

Rif at-i sayydra vu thabit ravan gardad padid* 
gar kunad tarf-i nazar sultan-i a c zam Bayazld 
( metre: — u—|~u—|—u—|~u—) 

* written badid 

which translates roughly: 

“If the greatest (of all) sultan(s), Sultan Bayazld, casts a glance (at the sky with this 
astrolabe), the elevation of the planet(s) and the motion of the fixed star(s) will become 
manifest.” 

This inscription displays some poetic licence and reflects a rather naive understanding of what 
one can do with an astrolabe. Below this is an inscription in rather curious, even awkward, 
Arabic: 

5 ^ £Ujlj 4lt fuZ t _ylaC.J (_ 5 -alc 

c ilml wa- c amali shukr Allah mukhlis shirwani fi ta’rikh sanat 910 


14 It is a pleasure to acknowledge the help of my friend Sergei Tourkin of The Oriental Institute, St. Petersburg, 
in reading and interpreting the Persian inscription as well as in pointing to the fact that the expression shukr Allah 
in the Arabic inscription is not necessarily a personal name. 



790 


PART XlVe 


Taking the first two words as adjectives used adverbially, certainly an unhappy usage, and 
rendering them as verbs, this could be translated: 

“Devised and constructed by Shukrallah Mukhlis Shirwanl 
in the year dated 910 (Hijra) [= 1504/05].” 

As such, the maker of this astrolabe has been recorded in L. A. Mayer’s Islamic Astrolabists , 
and I confess that this was my first reading of the inscription. But there is more to this inscription: 
see the commentary below. 

The date is written in Hindu-Arabic numerals, which is unusual: alphanumerical ( abjad) 
notation would be more in the medieval tradition. Also, the dot for zero—which could also 
be taken as the dot on the nun (= n) in the word sana(t) —is written lower than normal, that 
is, “on the line”, which caused previous researchers to interpret the date as 91, that is, [8]91, 
corresponding to 1486. This error has percolated through the literature. 15 

The alidade is straight with clef-shaped ends and one half-axis has a scale divided into about 
60 units, even around part of the central semi-circular protrusion. It is unduly thick and barely 
reaches the degree scale but it does not seem to be a replacement. The sights have a flatfish 
circular cutout on the top and one hole at the middle. The pin has a flat cylindrical head and 
a spherical knob at the bottom, and the wedge is a fine horse’s head (without ears) attached 
to a collar at the end of a roughly rectangular piece. 

It is always advisable to treat later additions separately. In this case, the plates for 21° and 
38° have the latitudes repeated by an incompetent in modern Arabic numerals: 21 and 18 (sic). 

Commentary 

The use of Persian in the inscriptions reflects not only the background of the maker but also 
the cultural interests of the Ottoman court, and perhaps, no less, the influence of the Samarqand 
school on astronomy in Istanbul. 

It is beyond the scope of this study to discuss the design of the rete in any more detail. There 
are many influences, mainly Iranian, visible here, but these are not properly documented yet, 
and I shall avoid comparisons with other surviving instruments. Suffice it to say that the elegant 
design is unusual and original, indeed it is unique amongst known Ottoman astrolabes. 

The choice of stars is curious, some of them not being attested on other known astrolabes 
and/or not featured in the standard medieval or modem astrolabe stars. (Compare XIVd-2.) In 
particular, there are problems with the identification of dhanab al-hut (no. 1); the pedantic 
orthography of fu qaytus (no. 3), for which most astrolabists would have written fam qaytus; 
the confusion between two stars labelled al-sha Yuniya (nos. 9 and 11). The stars dhanab al- 
hut (no. 1 ), fit qaytus (no. 3), al-qafza (no. 13) and janah al-dajaja (no. 23) are not listed in 
Kunitzsch’s studies of astrolabe stars. It would be interesting to know which medieval star-list 
the maker used, presumably one in a text on astrolabe construction. None that is relevant comes 
to mind. 

No localities are associated with the plates for specific latitudes. However, the plate for latitude 


15 See also n. 10 above on a very recent (2003!) misdating of this piece to 1081 H! 
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21° would serve Mecca; 30°, Cairo; 33°, Damascus and Baghdad; 36°, Aleppo and Mosul; 38°, 
Konya and Malatya; 40°, Bursa and Sivas; and 41°, Istanbul. The last is a good value for Istanbul: 

see II-14.4. 

The two sine quadrants and shadow-square and circumferential shadow scale on the back are 
standard. The radius at argument 45° on the left quadrant does not seem to be related to the 
determination of the c asr prayer. 16 
We now return to the inscription mentioning the maker: 

1 1 £Ujlj (J-'iA* 4lt jKCi t _ylaC. J (_ 5 -alc 

c ilmi wa- c amali shukr Allah mukhlis shirwanl fl ta’rikh sanat 910 , 
which one could render: 

“Devised and constructed by Shukrallah Mukhlis Shirwanl” 
in the year dated 910 (Hijra) [= 1504/05].” 

The name Shukrallah is indeed attested in both Safavid Iran and Ottoman Turkey. 17 However, 
I do not think that the combination and juxtaposition of two names of this kind, Shukrallah and 
Mukhlis, is appropriate. 18 Furthermore, there is another possible reading of the same consonantal 
clusters, admittedly as problematic from a grammatical point of view as the first: 

c ilml wa- c amall shukran li-’llah . 

so that the meaning would be something like: 

“For my knowledge and my handiwork thanks be to God. 

(Signed by) Mukhlis Shirwanl in the year dated 910 (Hijra).” 

These considerations and renditions do not take into consideration the large damma (u vowel) 
over the junction of the words shukr and Allah or shukran and li- ’llah. This would imply a 
reading shukr un li- ’llah, “thanks (be) to God”, or the name Shukrallah, both in the nominative. 
But somehow a meaning like: 

“My knowledge and my handiwork are (my way of) thank(ing) God ...” 
seems inappropriate. We should also note that the consonantal ligature sln-ra (s-r) is engraved 
below the word shukr, and, also, apparently, across the final ya (y) of c amall. 

I suspect that there is more to this inscription than first meets the eye. We find the combination 
of the concepts shukr, dim and ‘amal in the Ihya diliim al-din, “The Revival of the Religious 
Sciences”, of the theologian al-Ghazall (1058-1 111). 19 Shukr, “gratitude”, and its pre-requisite 
sabr, “patience or endurance”, are here characterized as two halves of imdn, “faith”. There are 


16 Other such markings for this purpose are now studied in Charette, Mamluk Instrumentation, pp. 176-179. 

17 See the index of names in EI r Note also the names Shukri and Sabri, attested in Turkey and Egypt in more 
recent times. 

18 See King, Mecca-Centred World-Maps, pp. xxv-xxvi, and 255-262, for some reflections on the use of double 
names in Persian. One of the two maps in that book was signed by a certain Muhammad Husayn, and I hypothesized 
that another set of unsigned Safavid instruments might have been made by a Hasan Husayn. Since that book 
appeared another Safavid world-map has come to light: it is signed by Hasan Husayn. See further Vile. 

19 1 have relied on the article “Shukr” by Alma Giese in EI r 
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three parts to shukr. The first is Him, “knowledge”, characterized as “the real understanding that 
nothing except God has existence in itself, that the whole universe exists through Him and that 
everything that happens to a person (including afflictions) is a benefaction from Him”. The 
second is hal, “(the right) state”, a state of joy in this benefaction with the associated conditions 
of humility and modesty (and sincerity—see below). The third is c amal, “action”, in sense of 
“action in accordance with the state of joy deriving from complete knowledge of the benefactor”, 
which has three aspects: the (hidden) action of the heart which is intending the good; the 
(manifest) action of the tongue which is praise of God; and the action of the members of the 
body, which is using them in obedience for Him ...”. The opposite of shukr is kufr, “ingratitude 
for God’s mercy”, which is disbelief. If these notions are behind the inscription, then perhaps 
it means something like: 

“My knowledge (of God’s benefaction) and my actions (in obedience to Him) are 
(aspects of my) gratitude for (the unlimited mercy of) God.” 

If this is the case, then the rest of the inscription, which lacks a verb, is just a sort of dated 
signature. And even though the name Mukhlis, “sincere”, relates to an appropriate “state”, I 
would not be inclined to deny that this is the name of the astrolabist whose family origins were 
in Shirwan. 

The maker is unknown to all of the modem bio-bibliographical sources except L. A. Mayer’s 
Islamic Astrolabists (1956). 20 But both his name and the year when he completed this astrolabe 
are apparently incorrectly given. 

2 An astrolabe made by al-Ahmar al-Nujumi al-Ruml in 1505/06 

This instrument, previously unrecorded, became available for study in 1998, when it was 
auctioned at Sotheby’s in London: see Figs. 2.1-4. 21 It aroused no interest and was not sold, 
a poor reflection on the seriousness of the interests of those museums and private persons 
currently collecting Islamic artefacts. It has been assigned no. 4218 in the International 
Instmment Checklist. 

Description 

The diameter is 9.5 cm and the thickness 0.6 cm. The workmanship is competent but not first- 
rate. This is an astrolabe to be used, not looked at. The engraving, in kufi, is elegant and 
distinctive. The Arabic alphanumerical (abjad) notation is used throughout, except for the date, 
which is written in Hindu-Arabic numerals. 

The throne is undecorated, with two lobes on either side of the upper lobe and smaller 
protrusions (in the form of a horse’s head?) at the far left and right. The suspension apparatus, 
a shackle and ring, is attached at the top of the throne. 

The mater bears a circumferential scale divided for each 5° and subdivided for each 1°, labelled 


20 See n. 10 above. 

21 This description is taken from Sotheby’s London 15.10.1998 Catalogue, pp. 68-71 (lot 94), written by this 
author. 
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Figs. 2.1-4: The front and back of the astrolabe of al-Ahmar al-Nujuml al-Ruml (#4218), as well as the plates 
for latitude 41;30° and a set of horizons. [Photos courtesy of Sotheby’s of London.] 
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5°—10°—5°—20°—...—5—[3]60°. The base circles for the equinoxes and two solstices are 
engraved in the inside of the mater. (This was a common practice, which enabled additional 
markings to be added at will.) 

The rete is of unusual design. It is simple and barely decorated. The horizontal diameter is 
rectilinear (not counter-changed), as was standard on early Eastern Islamic astrolabes. The 
vertical axis is complete, but incorporates some decorative features. Above the centre, there is 
a heart-shaped, or perhaps rather hoe-shaped, frame in the upper half of the ecliptic (not known 
on any other astrolabe). Above this is a flower-shaped design with six petals, at the centre of 
which is a silver knob, which serves, along with three others, two at either end of the horizontal 
diameter and another below the centre, to turn the rete over the appropriate plate. The earlier 
development of these designs can be traced (see the commentary below). 

The scale of the ecliptic is divided for the zodiacal signs, whose names are the standard forms: 
al-hamal — al-thawr — al-jawza' — al-saratan — al-asad — al-sunbula 
al-mizdn — al- c aqrab — al-qaws — al-jady — al-dalw — al-hut , 
and each sign is divided into five unlabelled 6°-intervals. The star-pointers are shaped like 
jester’s hats, developed—as if by lack of starching—from the dagger-shaped pointers on early 
Eastern Islamic astrolabes. They serve 15 named stars, all standard astrolabe stars, listed here 
as on the first astrolabe discussed above: 22 


Star 


Kunitzsch nos. 

Designation 

1 

al-dabaran 

24/18 

a Tauri 

2 

rijl al-jawza 

37/19 

(3 Orionis 

3 

(al-shira) al-yamaniya 

39/23 

a Canis Maioris 

4 

(al-shira) al-shafamiya 

40/25 

a Canis Minoris 

5 

qalb al-asad 

26/30 

a Leonis 

6 

(al-simak) al-a'zal 

29/39 

a Yirginis 

7 

(al-simak) al-ramih 

1/41 

a Bootis 

8 

c unuq (al-hayya) 

12/196 

a Serpentis 

9 

?? fakka 

2/45 

a Coronae Borealis 


(first word illegible: one would expect al-munir min al-fakka 

or nayyir al-fakka) 

10 

qalb al- c aqrab 

30/48 

a Scorpii 

11 

(raj) al-hawwa 

11/51 

a Ophiuchi 

12 

(al-nasr) al-tair 

13/54 

a Aquilae 

13 

dhanab al-dajaja 

6/56 

a Cygni 

14 

dhanab al-jady 

32/59 

8 Capricomi 

15 

mankib (al-faras) 

17/62 

(3 Pegasi 


There are three plates with five sides engraved with altitude-circles for each 3°, labelled for 
each 6°. The altitude arguments are engraved in lined “cartouches” on the left and right, 


22 The numbers are those in Kunitzsch, “al-Sufi and the Astrolabe Stars”, pp. 158-161, and idem, Arabische 
Sternnamen, pp. 59-96, also p. 217 (for no. 8). 
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continuing down the centre ( i.e ., up the meridian) to the zenith, which is labelled 90° within 
the altitude circle for 84°. Such cartouches are found already on some of the plates of 10 th -century 
astrolabes. The east- and west-points are labelled al-mashriq and al-maghrib below the horizon. 
The curves for the seasonal hours below the horizon are labelled 1, 2, ... , 12. (On the plate 
for 41;30° the “1” has been repeated but the mistake realised: the numbers run 1-1-2-3-4-6- 
... .) The astrolabic markings serve latitudes: 


la 

33' 

2a 

36' 

2b 

39' 

3a 

40' 

3b 

41;30' 


The latitudes are indicated by the expression c ard —, “latitude —”. No localities are associated 
with these, but see the commentary. On side lb is a set of half-horizons arranged in four 
quadrants and marked for latitudes: 

28° / 38° 33° / 48° 32° / 45° 30° / 43°. 

The back is simply executed. Above the horizontal diameter there are two altitude scales with 
divisions labelled for each 5°, subdivided for each 1°. In the upper left quadrant is a sexagesimal 
trigonometric grid with equi-spaced horizontal and vertical lines drawn for each 3 units. In the 
upper right quadrant, the dedication is engraved within a double circle. The rim of the lower 
left quadrant is devoid of markings and in this quadrant the name of the maker is engraved on 
a single line. The rim of the lower right quadrant is marked with a scale for shadows to base 
12 and is labelled zill-i asabf, “shadow in digits”. The scale begins at the bottom and is marked 
up to 25 digits, each 5 being labelled, with subdivisions for each 1 unit. Inside this quadrant, 
there is a shadow square to base 12 with horizontal and vertical scales divided and labelled for 
each 3 units (digits), subdivided for each single unit. 

The dedication reads: 

ASLq (<i3jl) ."I a Aljjlj (JjLlaLm (jLialuill ^jUafuill 

li-rasm khizanati ‘l-sultani ‘l-a c zam al-sultan ibn al-sultan 
sultan Bayazld ibn Muhammad Khan khallada [Hah] mulkahu 
“By order of the Treasury of the Greatest Sultan, sultan son of sultan,” 

Sultan Bayezit son of Mehmet Khan—may [God] make his dominion last for ever.” 

The inscription naming the maker reads: 

5 I I ALui ^3 J)~> Ajtjj-a 

sana’ahu ‘l-Ahmar al-Nujumi al-Rumi fi sanati 911 Hijriyya, 

“Constructed by al-Ahmar al-Nujumi al-Rumi in the year 911 Hijra [1505/06].” 

The date is written in Hindu-Arabic numerals. 

The alidade is not counter-changed and is decorated with clef-shaped ends. There is a 
sexagesimal scale on one half of the alidade, labelled 6-12-...-54-60, for use in conjunction with 
the trigonometric quadrant on the back. 
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Commentary 

The basic simplicity of the rete is in the tradition of some of the non-presentational pieces from 
Mamluk Syria, such as the one (#6) made by the Damascus astronomer Ibn al-Shatir in 726 
H [= 1325/26] (XIVb-4). The flower on the rete can be traced back to the decorative quatrefoil 
on the spectacular astrolabe (#111) of the astronomer al-Khujandl, made in Baghdad in 374 H 
[= 984/85] (XIIIa-9 and also XVII-1). This quatrefoil, probably Byzantine in inspiration, is 
found on several astrolabes from the Islamic East over the centuries. On this piece, the substitute 
for the quatrefoil occurs above a cardioid frame enclosing the star-pointer for Vega, graphically 
represented as an eagle. Various later Eastern Islamic astrolabes show this combination of motifs, 
which on this astrolabe for Bayezit II appear in a more simplified form. 

The 15 stars selected are standard astrolabe ones, in fact, they constitute a subgroup of the 
17 stars used on Greek and the earliest Islamic astrolabes from the 8 th -10 th centuries (XHIb- 
2.5, and XIIIc-1.1-2). 

The plate for 33° could serve Damascus and Baghdad; 36°, Aleppo and Mosul; 39°, Kayseri, 
Konya (?) and Ankara; 40°, Bursa and Sivas. The plate for 41;30° was clearly intended for 
Istanbul, although the latitude of that city is correctly 41°2'. There were severe problems with 
medieval values for the latitude of Constantinople, which was often taken as 45°, 23 and Ottoman 
astronomers were the first to measure it properly. This seems to have escaped our al-Ahmar. 

The maker, al-A hm ar al-Nujuml al-Ruml is u nk nown to the modem literature on Islamic 
instrumentation. His personal name is unusual and means “the red one”; nevertheless, the name 
Ahmar is an attested Muslim name. 24 The epithet al-Ruml indicates that he was a Turk from 
the Central Anatolia. 25 The epithet al -nujuml indicates that he was an astronomer and/or 
astrologer, yet he is not mentioned in the new bio-bibliographical survey of Ottoman astronomers 
and their works. 26 This means only that he did not author any treatises. 


23 Sere further Kennedy & Kennedy, Islamic Geographical Coordinates, pp. 93-94; and King, “Byzantine 
Astronomy”. 

24 See the index of names to El' ; also Brockelmann, GAL, III, p. 555. 

25 Article “RumI” by Halil Inalcik in EI r 

26 See n. 5 above. 
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DEDICATION, 

ACKNOWLEDGEMENTS AND NOTES TO THIS VERSION 


This study results from a lecture given at a conference held in both Hyderabad, Deccan, and 
Jaipur in 1991. The written version “Indian Astrolabes, Quadrants and Sundials in the Context 
of the History of Astronomical Instrumentation” was submitted to the Proceedings, which were, 
however, never published. 

Much of what I have to say on Indian instruments is rendered redundant by the more recent, 
and more profound research of my esteemed colleague Professor Sreeramula R. Sarma of 
Aligarh Muslim University. Professor Sarma is well on the way to producing a Gesamtkatalog 
of all instruments produced in India, with inscriptions in Arabic, Persian and Sanskrit. I am 
therefore slightly embarrassed to dedicate this paper, which was worth more in 1991, before 
he started his project, than it is now, to Professor Sarma. However, in so doing, I take the 
opportunity to list his publications that are relevant to this subject, some of which might not 
otherwise reach the attention of Western scholars. His publications and his present research 
have already laid a firm foundation for the future study of Indian instruments. We note: 

♦♦♦ Yantraprakara of Sawai Jai Singh, ed. and transl., suppl. to Studies in History of Medicine 
and Science (Jamia Hamdard, New Delhi) 10-11 (1986-87). 

♦♦♦ “Astronomical Instruments in Brahmagupta’s Brdhmasphutasiddhdnta ,, , Indian Histori¬ 
cal Review 13 (1986-87), pp. 63-74. 

❖ “Astronomical Instruments in Mughal Miniatures”, Studien zur Indologie und Iranistik 
16-17 (1992), pp. 235-276. 

❖ “Two Mughal Celestial Globes” (with S. M. R. Ansari and A. G. Kulkami), Indian 
Journal of History of Science 28:1 (1993), pp. 80-89. 

♦♦♦ “Indian Astronomical and Time-Measuring Instruments: A Catalogue in Preparation”, 
Indian Journal of History of Science 29:4 (1994), pp. 507-528. 

❖ “From al-Kura to Bhagola: On the Dissemination of the Celestial Globe in India”, Studies 
in History of Medicine and Science (Jamia Hamdard, New Delhi) 13:1 (1994), pp. 69- 
85. 

❖ “The Lahore Family of Astrolabists and Their Ouvrage”, Studies in History of Medicine 
and Science (Jamia Hamdard, New Delhi) 13:2 (1994), pp. 205-224. 

♦♦♦ Astronomical Instruments in the Salar Jung Museum, Hyderabad: Salar Jung Museum, 
1996. 

♦♦♦ “The Safiha Zarqaliyya in India”, in From Baghdad to Barcelona. Studies in the Islamic 
Exact Sciences in Honour of Prof Juan Vernet, Josep Casulleras and Julio Samso, eds., 
2 vols., Barcelona: Instituto “Millas Vallicrosa” de Historia de la Ciencia Arabe, 1996, 
pp. 718-735. 

♦♦♦ “Yantraraja: the Astrolabe in Sanskrit”, Indian Journal of History of Science 34 (1999), 
pp. 145-158. 

♦♦♦ “Katapayadi Notation on a Sanskrit Astrolabe”, Indian Journal of History of Science 34 
(1999), pp. 273-287. 

♦♦♦ “A Brief Introduction to the Astronomical Instruments in Khuda Bakhsh Library, Patna”, 
Khuda Bakhsh Library Journal 118 (Dec., 1999), pp. 1-10. 

♦♦♦ “Sultan, Suri and the Astrolabe”, Indian Journal of History of Science 35 (2000), pp. 
129-147. 
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♦♦♦ “Some Indo-Persian Astronomical Instruments of the Early Nineteenth Century”, Khuda 
Bakhsh Library Journal 123 (April, 2001), pp. 1-16. 

♦♦♦ Astronomical Instruments in the Rampur Raza Library, Rampur: Rampur Raza Library, 
2003. 

❖ “Instrumentation for Astronomy and Navigation in India at the Advent of the Portu¬ 
guese”, to appear in the Proceedings of the 9 th International Indo-Portuguese History 
Seminar on Discoveries, Technology & Culture, Indian National Science Academy, New 
Delhi. 

I also thank my friend and colleague Professor S. A. Raza Ansari of Aligarh for keeping me 
informed of his research on the Islamic manuscript tradition relating to Indian astronomical 
instruments. 

On the occasion of the 1991 Hyderabad and Jaipur symposium I was able to conduct research 
on astronomical instruments in the Red Fort Museum in New Delhi, the Salar Jung Museum 
in Hyderabad, and the Observatory Museum in Jaipur. It is a pleasure to thank Dr. C. 
Margabandhu, Director of the Archaeological Survey of India in New Delhi; the Deputy- 
Superintending Archaeologist of the Red Fort Museum; Dr. N. L. Nigam, Director, and Dr. 
Rehmet Ali Khan, Keeper of Manuscripts of the Salar Jung Museum in Hyderabad and Mr. 
Yaduendra Sahai, Director of the Sawai Mansingh II Museum in Jaipur, and their respective 
staffs, for their kindness and collaboration. My visit to India in December, 1991, was made 
possible by the Goethe Institute in Munich, and it is a pleasure to thank Dr. J. P. Bumke of 
the Max Mueller Bhavan in Hyderabad for arranging my visit. To Dr. B. G. Sidharth, Director 
of the B. M. Birla Planetariums and Science Museums in Hyderabad, my admiration for his 
splendid organization of the Symposium and my gratitude for his generous hospitality. 

In addition to those authors cited in the notes below, credit should also be given to Nabia 
Abbott, George R. Kaye, Robert T. Gunther, V. Govind and K. Behari, and S. S. Nadvi, for 
their work on Indian instruments and their makers: 

❖ Nabia Abbott, “Indian Astrolabe Makers”, Islamic Culture 11 (1937), pp. 144-146. 

♦♦♦ K. Behari and V. Govind, “A Survey of Historical Astrolabes”, Indian Journal of History 

of Science 15:1 (1980), pp. 94-104. 

♦♦♦ V. Govind, “A Survey of Medieval Indian Astrolabes”, Bharatiya Vidya (Bombay: 
Bharatiya Vidya Bhavan), 39:1 (1979), pp. 1-30. 

❖ George R. Kaye, “Astronomical Instruments in the Delhi Museum”, Memoirs of the 
Archaeological Survey of India, no. 12, Calcutta: Superintendent Government Printing, 
India, 1921. 

♦♦♦ idem, The Astronomical Observatories of Jai Singh, (.Archaeological Survey of India, 
New Imperial Series, vol. XL), and A Guide to the Observatories at Delhi, Jaipur, etc., 
Calcutta, 1918 and 1920, both repr. in IAM, vol. 93. 

❖ S. S. Nadvi, “Some Indian Astrolabe-Makers”, Islamic Culture 9 (1935), pp. 621-631, 
with additional notes ibid., 11 (1937), pp. 537-539. 

In this version, I have added some materials from the recently-published catalogue of the Nasser 
D. Khalili collection in London (listed as London Khalili Collection Catalogue) and from my 
review thereof (in Bibliotheca Orientalis 57 (2000), cols. 247-258). The collection is 
particularly rich in Indo-Persian instruments. 
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1 Introductory remarks 

Astronomical instruments made in the Indian subcontinent form a small but significant part 
of a corpus of surviving medieval instruments; several dozen out of a total of well over one 
thousand medieval instruments are Indian in provenance. These instruments include the 
celestial globe, astrolabe and sundial, which are related in that they are all based on principles 
known already in Antiquity; the quadrant, on the other hand, was invented in the early days 
of Islamic astronomy in Baghdad. It is convenient to think of all of these instruments as 
belonging to a “medieval” tradition that continued in the East (the Islamic world and India) 
until about 1900 and in Europe until about 1550. 

Instrumentation in Muslim India seems to have begun with the influx of scholars from Central 
Asia after the establishment of the Delhi Sultanate after 1211. In particular, the Sultan Flruz 
Shah Tughluq (1351-1388) promoted science and technology. Professor Sarnia’s very important 
2000 study entitled “Sultan, Surl and the Astrolabe” contains new information on five astrolabes 
that were made for the Sultan, including a silver astrolabe and a brass north-south astrolabe with 
plates for the climates, a silver north-south astrolabe and another large one in brass, and a 
standard astrolabe in gold and silver. Alas, all these are lost, but details are available, such as 
the latitudes used for the plates. The surviving instruments all post-date ca. 1550 but are of 
interest not only because some of them are visually spectacular and mathematically accurate, 
but also because they preserve earlier features not known from other surviving instruments. For 
example, some astrolabes of the Lahore school (17 th century) show how the Lahore astrolabists 
revived complicated modifications to the standard astrolabe of Late Antiquity which had been 
devised in Baghdad in the 9 th and 10 th centuries but which, by the 17 th century, were virtually 
forgotten by Muslim astrolabists everywhere except India. That these modifications were of 
considerable sophistication is shown by the fact that they were developed independently in 
Europe only in the 17 th century. 

2 A monumental astrolabe from 16 th -century India 

The oldest known astrolabe from Muslim India, alas neither signed nor dated, is a monumental 
52.5 cm in diameter. 1 It is now in the Khalili Collection in London, and awaits detailed study. 
The inscriptions on this piece (#4301) are in both Arabic and Sanskrit, but the latter are not 
original and were squeezed in the limited space left by the elegant Arabic inscriptions. Thus, 
it was made by a Muslim, entirely in the Islamic tradition, albeit with considerable innovation, 
and later fell into the hands of a Hindu, who added some inelegant inscriptions in Sanskrit. The 
star-positions correspond to ca. 1550. Certainly, the piece is not obviously related to the known 
productions of the Lahore school. In fact, it represents a tradition about which we know virtually 
nothing. But it was made in either Delhi or Lahore, since the latitudes on the zawraql horizons 


1 London Khalili Collection Catalogue, I, pp. 230-233 (no. 133), and my notes in “Review”, col. 254-255. 
No photos are available to me, and the catalogue has several excellent shots, but none of the full rete, the plates 
or the back. 
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on the rete are for latitudes 29° and 32°. The curves displaying solar meridian altitudes on the 
back serve latitudes 27°, 29° and 32°, the first serving perhaps Ajmer or Ahmadabad (the piece 
is too early to be associated with Jaipur). As yet we know of no astrolabes with Arabic 
inscriptions from Delhi. I strongly suspect that we have here the sole surviving work of Maqsud 
Hirawl in Lahore, ca. 1550, known to have been one of the instrument-makers to the Moghul 
Emperor Humayun, the son and successor of the Timurid conqueror of India, Babur. According 
to a contemporaneous source, he “manufactured astrolabes and globes in such a manner that 
the observers of his works were wonderstruck”. 2 Surely, this is one of them. I admit there is 
a problem with my logic, but this piece has to fit in somewhere. The mater is engraved with 
an extensive geographical table including qibla-values, which is the oldest Islamic Indian (non- 
Sanskrit) geographical table with qibla-values known to us. 3 

A description of this astrolabe alone would be worth a master’s dissertation, but this could 
then lead to a book, for one could take Professor Sarma’s 1994 paper on the Lahore astrolabists 
and their surviving productions as a guide and have a look of some of the unusual features of 
their astrolabes—such as zawraql markings, which have still not been properly explained in the 
modem literature—in order to document their origins in earlier (that is, 9 th - and 10 th -century) 
textual sources 

3 The first astrolabes of the Lahore school 

Two astrolabes made by Allah-Dad or Ilah-Dad, perhaps the real founder of the Lahore school, 
and certainly the head of a large family of instrument-makers that extended over four 
generations, are preserved in Hyderabad 4 and Oxford. 5 See Figs, la-b and 2. The former— 
studied for the first time during the Hyderabad symposium—attests to the fact that their maker 
was influenced by tradition of astrolabe-making in 15 th -century Samarqand, of which we have 
but one surviving example. 

It is surely relevant to the early development of the Lahore school under Maqsud Hirawl 
(whose family originally hailed from Herat) that: 

(1) the astrolabe dedicated to Ulugh Beg by Jalal al-Kirman! (now in Copenhagen—see 
XIVd-1), the instrument-maker at his observatory in Samarqand, has special markings 
on the plates for the qibla at Samarqand and Herat, and that 

(2) one of the two surviving astrolabes by Allah-Dad (now in Hyderabad), the first member 
of the well-known Lahore family of astrolabists, bears a plate for Samarqand. 


2 London Khalili Collection Catalogue , I, p. 219. 

3 See the remarks on Indian geographical tables in King, Mecca-Centred World-Maps , p. 154, also idem, “Review 
of London Khalili Collection Catalogue” , cols. 254 and 255. 

4 See the description by Professor S. R. Sarma in Hyderabad SJM Catalogue , pp. 7-11 (no. 1) and pis. 1-3. 

5 Oxford MHS Billmeir Catalogue Supplement , pp. 20-21 (no. 159), and pi. XVIII. 
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the solar scale has been left incomplete. [Courtesy of the Museum of the History of Science, 
Oxford.] 
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4 The astrolabes of the Lahore school 

The offspring of Allah-Dad, whose activity seems to have stopped rather abruptly around 1690, 
produced mainly astrolabes and globes; dozens survive but few have ever been studied 
systematically. 6 7 Figs. 3a-c show the rete and back and some plates of an astrolabe by Jamal 
al-Dln, son of Muhammad Muqlm, son of Tsa, son of Allah-Dad in 1077 Hijra [= 1666/67], 9 
The zoomorphic features on the rete, the additional zawraql horizon for a specific latitude on 
the rete, which could rotate over the ecliptic on the plate for latitude 66;30° if that ecliptic had 
been marked on the plate (but it was not!), the competently-executed complex markings on the 
various plates, and the various trigonometric, astronomical and astrological markings on the back 
are typical of the astrolabes of the Lahore school. On the back there are solar meridian altitude 
curves for four latitudes: 21° (for Mecca), 27° (for Jaipur?), 36° (for the fourth climate of 
antiquity, the middle of the inhabited world), and 40° (for Samarqand, a reminder of the maker’s 
great-grandfather’s ties to Samarqand. Why is there no curve for the latitude of Lahore? Does 
this mean that Jamal al-Dln was no longer working there? On the mater of this astrolabe there 
is a map of the known world arranged in such a way as to enable the user to find the qibla 
or direction of Mecca directly from the map. 

Astrolabes were also made by Muslim craftsmen elsewhere in India, but we cannot expect 
to obtain an overview of this activity until at least the most important surviving pieces have 
been published by Professor Sarma. For example, one spectacular piece, 490 mm. in diameter 
and now in a private collection in London, appears to have been made in Delhi. 8 From the 18 th 
century onwards, the main scene of activity was Jaipur. Some of the instruments with Arabic 
or Persian inscriptions now housed at the Observatory there were catalogued for the first time 
by the present writer and Professor Sarma after the Jaipur Symposium in December, 1991. There 
was, alas, no time for us to catalogue (or even see) the entire collection. 


_ —^ 

Figs. 3a-c: Parts of a remarkable astrolabe (#4143) by Jamal al-Dln ibn Muhammad Muqlm ibn Tsa ibn Allah- 
dad dated in 1077 Hijra [= 1666/67]. [Courtesy of Sotheby’s, New York.] 

(a) The rete is remarkable for some zoomorphic features if not for its elegance. 

(b) The mater is remarkable for a map of the world in the medieval tradition (but look at the coordinate grid!) 
intended for finding the direction of Mecca. See further King, Mecca-Centred World-Maps , pp. 95-96. 
The back is unremarkable. In the solar scale on the upper right, note the curve for latitude 27°, which 
serves Jaipur but not Lahore (or Delhi). The solar scale ends too close to the centre so that the curves 
sort of self-destruct. 


6 The best study of such an instrument remains Frank & Meyerhof, “Mogulisches Astrolab”. See also Gunther, 
Astrolabes of the World , I, pp. 179-220. All of the Lahore instruments have been catalogued by Professor S. R. 
Sarma. 

7 The first description of an astrolabe that I prepared was for this piece (#4143): see Christie s New York 31.10.1985 
Catalogue , pp. 94-95 (lot 331). 

8 See n. 1 above. 
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Fig. 3c: The main plates have altitude circles for each 2° or even 1°. Some of the plates are very remarkable. 
Shown here are one for converting celestial coordinates, and two as an exercise for the reader. 



Fig. 4: The sundial in the Chahar Minar Mosque in Hyderabad (#7381). We see in addition to the hour-lines 
the markings for the daylight prayers and the qibla at Hyderabad (all Islamic) and a family of circular arcs around 
the gnomon to serve as a scale for measuring the length of the shadow (Indian). This sundial is in dire need 
of conservation. [Photo by the author, achieved by standing on top of the sundial.] 
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a 

Fig. 5a-b: The front and back of a fake astrolabe by the “Bombay school”. Note the double numerical notation 
on the outer rim of the mater (compare Fig. XIVa-2.1) and the very dubious markings on the mater beneath 
the rete. Two similar instruments from the same school are classified as “India, circa 1800” in London Khalili 
Collection Catalogue , I, pp. 237-238. At least they look more like real astrolabes than the piece of junk labelled 
“Isfahan 1706” that is illustrated in Sezgin & Neubauer, Wissenschaft und Technik im Islam , p. 110. [Photos 
courtesy of Christie’s of London.] 

Some Islamic astrolabes from Iraq and the Maghrib that ended up in India and were provided 
with additional Sanskrit inscriptions have been studied. 9 Minor details such as have never before 
attracted the attention or aroused the interest of previous investigators enable us to piece together 
the history of the individual instrument and relate it to the history of instrumentation in general. 


5 Astrolabes with inscriptions in Sanskrit 

There are two main varieties of surviving astrolabes with Sanskrit inscriptions. 10 The larger group 


9 See, for two examples in addition to the most spectacular one cited in n. 3, Linton Collection Catalogue , pp. 
121-123 (no. 179), on a curious astrolabe in the ‘Iraqi (especially al-Khujandl) tradition by WafaT Munajjim (#2708), 
and Archinard, Astrolabe , pp. 20-36, on a 14 th -century Maghribi astrolabe by c All ibn Ibrahim al-Jazzar (#4041). 

10 The best source for these is still Gunther, Astrolabes of the World , I, pp. 221-228, although a catalogue by 
Professor S. R. Sarma is forthcoming. 
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Figs. 6a-b: Samples of other products of the “Bombay school”. The book purports to be the Kashf al-asrar, 
“The Reveleation of Secrets” by the 13 th -century polymath Nasir al-Dln al-Tusl. [Photos courtesy of Christie’s 
of London.] 


bears astrolabic markings only for latitude 27°, serving Jaipur; the smaller one is characterized 
by a set of plates for different latitudes in the subcontinent. The star-positions on the distinctive 
retes of some of these instruments and the intricately-worked plates reveal that they were made 
with astounding accuracy. But there are also numerous examples made only for tourists. Several 
Indian astrolabes, mainly for the latitude of Jaipur, show up in European auction houses each 
year; one wonders how many of these were really made in Jaipur. 

6 Other Indian instruments 

Islamic globes, including several from Lahore and elsewhere in the subcontinent, have been 
surveyed by Emilie Savage-Smith. 11 No Indian quadrants with Arabic or Persian inscriptions 
are known; those with Sanskrit inscriptions are either for reckoning time in ghatis, for 
trigonometric calculations or for astrological purposes. Various Indian sundials with Arabic or 
Persian inscriptions are known, mainly those in the Jami c Mosque in Delhi and the Chahar Minar 


11 Savage-Smith, Islamicate Globes, begins with a detailed description of one such Lahore globe. 
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Mosque in Hyderabad. The former displays European influence and the latter—see Fig. 4— 
is an interesting combination of Islamic and Indian traditions. 


7 On modern fakes from India 

In conclusion, a few remarks about fake instruments are in order. The faking of Islamic astrolabes 
has been going on for several decades. Some Persian fakes already feature in major Western 
museums, and most faking of Islamic astrolabes seems to have been conducted in Iran. The 
word “fake” can be applied to any instrument bearing a false inscription or made for the express 
purpose of deception; the word can also be used for any unsigned decorative astrolabe in an 
older style. (Modem replicas should be signed by their makers in order to distinguish them from 
deliberate fakes.) A new school of astrolabe fakers has recently appeared in India; I label it the 
“Bombay school” since most of the pieces I have seen were purchased in that city. They qualify 
as fakers by virtue of the high prices charged for their instruments, which are sold as historical 
items: see Figs. 5a-b. 

One astrolabe from this workshop was purchased in Bombay in the early 1980s by a German 
sea-captain. He then offered it to the Deutsches Schiffahrtsmuseum in Bremerhaven, who 
consulted with me as to whether they should acquire it. I told them to have the sea-captain take 
it back to India and get his money back. This he surely did, for a few months later a Lufthansa 
pilot brought me the same instrument, which he too had purchased in Bombay. This astrolabe, 
like the others from the same workshop in New Delhi, which include also European astrolabes, 
is characterised by the excessive thickness of its back. Hence, these instruments are unduly heavy 
for their size. Indian fakers have also produced large and fantastic instruments together with 
“books” consisting of brass plates engraved with illustrations of these instruments: see Figs. 
6a-b. 12 

The makers have a singularly eclectic taste, and clearly they have been advised by someone 
who knows the scholarly literature. One piece I have inspected bears a rete in standard Maghribi 
style, a mater copied from a Yemeni astrolabe (published by myself!—see XlVa), an unusual 
plate copied from an illustration in an 1 T h -century Central Asian treatise (published by S. H. 
Nasr), 13 a back with scales found only on Indian Sanskrit astrolabes, and a distinctive alidade 
copied from one on a Persian astrolabe now in Oxford (not shown on the instrument in Fig. 
5b). 14 For $5000 you get pieces from five different traditions; not, though, five for the price 
of one, but rather one for the price of fifty. The “Bombay school” is also producing fake European 
astrolabes. Some of their productions have reached the leading auction houses in Europe, where, 
once identified for what they are, they can be offered at appropriate prices as decorative art. 
But a sale at a Massachussets auction-house in 1991 included four, if not five, fake astrolabes 
as real instruments, one with a recommended price of US$12,000-18,000; so there is still a good 
chance for an unlucky tourist to get his money back. 


12 A substantial photographic archive is in the possession of Christophe Roustan Delatour of Boulogne-sur- 
Seine, who in 1997 kindly sent me a set of copies. 

13 Nasr, Islamic Science, fig. 55 on p. 119. 

14 See the astrolabe of Shams al-Dln Muhammad Saffar in Oxford MHS Bilmeir Supplement Catalogue, pi. 
XVIlb (#2505). 




Part XlVg 

A universal astrolabe from 17 th -century Lahore 




To Jeremy Collins, in appreciation 




DEDICATION, 

ACKNOWLEDGEMENTS AND NOTES TO THIS VERSION 


This study is dedicated to Jeremy Collins, a man who knows a great deal about mechanical devices 
and technological wonders from astrolabes to Zeppelins, and much else. As a Director of Christie’s 
and as head of the Department for Scientific Instruments until his retirement in 2001, he was 
largely responsible for encouraging scholarly investigations of instruments that were in some way 
in need of clarification, be it for a forthcoming auction, or for an authentication, or for an evaluation. 
He also used his authority to insist on excellence in what Christie’s published in their instrument 
catalogues. 

Jeremy’s generosity with photographs and archival material greatly assisted my own work on 
medieval Islamic and European instruments. I have spent hours looking at instruments in his 
office. Some merit just a few minutes, others have to be photographed and significant details 
evaluated in the light of other instruments. A lot of detective work is necessary to produce the 
kind of detailed descriptions that distinguished Jeremy’s catalogues, and he shared in the excitement 
of all the discoveries that this involved. Furthermore, on some of our joint ventures all over Europe 
and as far away as New York, we had a lot of fun together. 

In 2000 I gave a lecture on medieval astronomical instruments in Nuremberg. As I went into the 
lecture hall, a man pressed into my hand a plastic bag containing an astrolabe, saying he would 
contact me at my hotel the next day, and then disappearing. During the lecture, I passed the 
astrolabe around the audience, but had to apologize that this was not really an astrolabe; indeed, I 
could tell at first sight that there was something funny about it. The mater, clearly of Eastern 
Islamic provenance, had shakkaziyya markings and was fitted with a spurious decorative rete. 
The next day I talked with the owner, and, to cut a long story short, the piece was auctioned at 
Christie’s of London in 2001 as two separate lots. Only when writing the description of the mater 
for the auction catalogue did I realize that the rete missing from it had been auctioned at Christie’s 
in 1995, also described by myself. Both pieces thus passed under the hammer of Jeremy Collins, 
and, as luck would have it, both were acquired by the same astute London dealer. Thus they are 
together once again. It is a pleasure to acknowledge my gratitude to Christie’s and David Sulzberger 
of Ahuan Gallery for providing photos. 

In this study, I have combined the descriptions of each half of this instrument that I prepared for 
the respective auction catalogues, modifying them where necessary. The rete was described in 
Christie’s London 4.10.1995 Catalogue, pp. 20-21 (lot 61). The mater was featured in Christie’s 
London 05.04.2001 Catalogue, pp. 43-45, lot 32. The present study is based on these descriptions, 
and I do not doubt that it will need some revision after Francois Charette has finished his 
contribution to our joint study The Universal Astrolabe of Ibn al-Sarraj, and Roser Puig and 
Emilia Calvo are further advanced in their new study of the universal astrolabe in al-Andalus and 
beyond. 




A universal astrolabe attributable to Jamal al-Din, a craftsman of 17 th -century Lahore 


Introductory remarks 

The standard astrolabe was invented by Greek astronomers in Antiquity. It was inherited in the 8 th 
century by the Muslims, who, during the next millennium, developed the instrument into a scientific 
work of art and made all possible improvements and modifications to the standard astrolabe. In 
particular, astronomers in al-Andalus in the ll th -century invented the universal astrolabe. The 
universal astrolabe achieves most of the same functions as the standard astrolabe by means of a 
special rete and a mater with special markings that are independent of terrestrial latitude. The 
universal astrolabic markings on both components bear the curious name shakkaziyya in medieval 
Arabic (X-5.2). The universal astrolabe is no longer an analogue computer like the standard 
astrolabe, but rather a mathematical device for converting between celestial and terrestrial 
coordinate systems. The instrument is much more rare than the standard astrolabe. In fact, until 
recently, not a single simple universal astrolabe, essentially in the form invented in al-Andalus, 
was known to have survived. What we do have is a much more complicated universal astrolabe 
made by Ibn al-Sarraj in Aleppo in 729 H [= 1328/29] (#140), preserved in the Benaki Museum, 
Athens, which I have discussed in XIVb-5.1. Therefore any trace of any other universal astrolabe 
can be of immense scientific and historical interest. 

By a remarkable stroke of fortune, the mater and the rete of a universal astrolabe came together 
in 2001, each part having been acquired by the same London dealer, David Sulzberger of Ahuan 
Gallery. The International Instrument Checklist number is #4201. A description follows. 


The mater 

Brass, occasional silver inlay, outer diameter 18.7 cm, inner diameter 16.8 cm, thickness 0.5 cm. 
Provenance: In 2000 it was in the possession of a dealer in oriental art at Nuremberg, who told me he had 
acquired it in Switzerland. Apparently purchased (together with a spurious mater and decorative rete, with 
which it does not belong—see the note below) in Baghdad some time between 1945 and 1950. Featured in 
Christie’s London 05.04.2001 Catalogue, pp. 43-45, lot 32. It is not clear when it became separated from 
its original rete. Now in the possession of Ahuan Gallery, London. 

The throne—see Fig. 1— is fairly high and essentially triangular with a series of lobes along each 
side. The shackle is attached to a hole just below the top of the throne and has a rosette on each 
side of its base. A circular ring with square cross-section is attached to the shackle. On the front of 
the throne is engraved in an Indian naskhi script the name Jamshld, presumably an owner. This 
name is used by Muslims only in Iran and India. The engraving lacks the fluidity of that on the 
rest of the mater. 

The circumferential scale around the front of the mater is divided and labelled clockwise for 
each 6°, with subdivisions for each 1°. The mater itself is engraved with markings for a universal 
projection, inlaid in silver. These shakkaziyya markings consist of meridians for each 6° and 
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Fig. 1: The front of the mater (#4201). [Courtesy of Christie’s, London.] 
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Fig. 2: The back of the mater (#4201). [Courtesy of David Sulzberger, Ahuan Gallery, London.] 








824 


PART XlVg 


declination circles for each 6°. The arguments for the former (from the left: 6°, 12°,..., 180°, and 
back: 186°, ... , 360°) are engraved on the horizontal diameter, those for the latter (both up and 
down from the centre: 6°, 12°,... 90°) are engraved on the vertical diameter. 

On the back—see Fig. 2 —the outer scales are divided in each quadrant for each 6°, with 
subdivisions for each 1°. The upper left and two lower quadrants are correctly labelled as altitude 
scales (with arguments beginning at the horizontal diameter and increasing to 90° at the vertical 
diameter). In the upper right, the scale has been labelled the wrong way round, but the maker has 
added the correct labelling in a smaller script. Such corrections of engraving are extremely rare 
on Islamic instruments, not least because mistakes in engraving are also rare. In the upper left 
there is a universal horary quadrant, with each curve marked for the seasonal hours it serves: 12/ 
1, 11/2, ... , 7/5, 6/6. In the upper right is a sexagesimal trigonometric quadrant, with equally- 
spaced horizontals and verticals for each 3 units of the 60-unit scales. The arguments are engraved 
on each of the radial axes. A semicircle with its diameter on the horizontal axis serves the 
determination of the sine and cosine from the (corrected) arguments on the upper right scale. A 
quarter-circle with radius 24 serves the determination of the solar declination. Below the horizontal 
diameter is a double shadow-square, with divisions for each unit to 12 units on the left and the 
same to 7 units on the right. Inside the outer scales in the two lower quadrants are additional scales 
serving the same purpose as the corresponding scales on the shadow-squares. These are labelled 
appropriately zill-i asabi, “shadow in digits”, and zill-i aqdam, “shadow in feet”. 

The rete 

Brass. Diameter: 16.8 cm. 

Provenance: unknown. Now in the possession of Ahuan Gallery, London. 

Bibliography: Christie’s London 4.10.1995 Catalogue, pp. 20-21 (lot 61). 

Note: The Iranian mater dated 1156 H [= 1743/44] and decorative rete which were together with this rete 
when it surfaced in 1994 are featured ibid., pp. 22 (lot 62). 

The upper half of the rete—see Fig. 3 —bears shakkdziyya markings, carefully and accurately cut 
out for each 6° of both arguments. The arguments are labelled on the horizontal diameter and on 
the circumference. The horizontal diameter is also marked for the signs of the ecliptic, starting 
with Aries at the left of centre and running |<—• then |—»•—»| then •<—| . 

The lower half bears astrolabic markings, including an arc of a circle for the ecliptic (with the 
southern signs superposed on the northern ones) with labelled divisions for each 6° within each 
sign. The signs start on the left with Aries and Libra. On the astrolabe of Ibn al-Sarraj they start on 
the left with Aries and Virgo. (The arrangement is arbitrary.) 

In the lower half there is also a set of rather crudely-fashioned star-pointers for 11 stars, six of 
which are on three double-headed pointers, and two of which look distinctly unfinished. The 
ensemble is surrounded by a rather broad circular frame, on the upper half of which are marked 
the arguments for one family of circles on the grid. 

The pointers serve the following 11 stars (two unnamed, marked with asterisks below), ordered 
counter-clockwise from the vernal equinox on the left, and marked N and S to differentiate between 
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Fig. 3: The rete (#4201). [Courtesy of Christie’s, London.] 
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those achieved by a stereographic projection from the northern celestial pole and the standard 
projection from the southern one: 


simak al-ramih 

a Boo 

N 

waqi‘ 

aLyr 

N 

al-ghul 

(3 Per 

S 

ghumaysa 

a CMi 

S 

[fakka\ (written falaka ) 

a CrB 

N 

nasr al-tair 

a Aql 

N 

[al-‘ayyuq] 

a Aur 

S 

qalb al-asad 

a Leo 

S 

ra's al-hawwa 

a Oph 

N 

[fam al-hut (?)] 

a PiA 

N 

yad al-jawza 

a Ori 

S 





The positions of all but the last two star-pointers are extremely accurate for ca. 1650. 1 The 
penultimate “pointer”, named for qalb al-asad, bears no marker for the star, but the place where 
its left-hand edge meets the ecliptic is indeed the position of a Leonis (Regulus) for ca. 1650. The 
last “pointer” likewise bears no marker but also no name; it may have been intended for the star a 
Piscis Austrini (Fomalhaut), which is featured on both Ibn al-Sarraj’s astrolabe (see Figs. X-5.2.4 
and XIVb-5.1a) and on the rete illustrated in Najm al-Dln’s book on instrumentation (see Fig. 4). 
(The fact that the right-hand edge of the pointer, which is not marked in any way, passes through 
the position of 8 Aqu (Scheat) for ca. 1650 is probably coincidental, since this star-pointer, found 
mainly on Indian astrolabes, would not have been featured on any astrolabe by Ibn al-Sarraj.) 
What is remarkable is that the maker was able to identify the proper star-positions; the positions 
for ca. 1325, the time of Ibn al-Sarraj, would be noticeably different. There are two possibilities: 
either the rete was made ca. 1650 or it is a later copy of one made then. The satisfactory execution 
and also the calligraphy argue for the former possibility, which is confirmed by comparison with 
other pieces by the Lahore school (see below). The main evidence for the latter—namely, that the 
maker refrained from marking two of the star-names, did not know how to write the star-name 
fakka, and did not finish two of the star-pointers—can be explained away by the fact that the 
maker was not well-versed in Arabic. This, however, instead of requiring a late provenance, brings 
us back to the Lahore school (see below). 

The lower half of the circular grid originally bore no markings. The available space has been 
filled by a later (19 th - or early-20 th -century) hand with inscriptions more appropriate for a fake 
astrolabe: there are a series of numbers in Arabic numeral notation and there are two inscriptions 
that contain word-plays on verses from the Qur'an ( cf. for example, XXXVI, 67 and 68). They 
appear to read: “ w-s-r-x-k-m ‘-m-y (?) fa-hum layarjiuna / yurja‘una w ' l m (??)” and “s-r-x-k- 
m s-r-x-k-m ‘-m-y (?) fa-hum laya‘qiluncT (where x is an unpointed carrier that can be read b/t/th/ 
n/y). Neither is immediately legible or comprehensible. 


1 Stautz, Mathematisch-astronomische Darstellungen auf mittelalterlichen Instrumenten, pp. 66 and 69-70 (SA9) 
and fig. 3.6h on p. 214. 
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Fig. 4: The rete of a universal astrolabe as depicted in the treatise of Najm al-Dln al-Misrl (Cairo, ca. 1325). The 
universal markings are from a different half of a shakkaziyya , but the principle is the same. (The text on this page, 
dealing with a universal astrolabe of with Ibn Baso-type markings, is not related to this rete, as noted in the margin.) 
For a detailed investigation of this illustration, together with a comparison with the retes of c All ibn Khalaf and Ibn 
al-Sarraj, see now Charette, MamlukInstrumentation, pp. 103-108. [From MS Dublin CB 102, fol. 81v, courtesy of 
the Chester Beatty Library.] 
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Fig. 5: The sole surviving universal astrolabe of the simple variety (#4201). [Courtesy of David Sulzberger, Ahuan 
Gallery, London.] 
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The combination of mater and rete 

The rete fits perfectly in the mater! Our universal astrolabe—see Fig. 5 —is clearly Indian, 2 possibly 
Delhi, possibly Lahore. In favour of a Delhi provenance is the fact that most of the astrolabes in 
the Archaeological Museum in Delhi today are unsigned. 3 The only argument against a Lahore 
provenance is the fact that most Lahore instruments are signed and usually dated as well. However, 
various aspects of the calligraphy, which is a relaxed and neither particularly distinctive nor elegant 
naskhi script, point to 17 th -century Lahore, where there was a very active school of astrolabists 
associated at first with the royal court (see XTVf). The hand in fact resembles very closely that of 
Muhammad Muqlm, the grandson of the founder of the school, Allah-dad or Ilah-dad, or that of 
Muhammad Muqlm’s son, Jamal al-Dln. Muhammad Muqim is known by one globe and about 30 
astrolabes, of which one in particular, dated 1634, 4 attests to his extraordinary skills in marking 
unusual astrolabic plates. Jamal al-Dln is known by two astrolabes, of which one, dated 1077 H [= 
1666/67] (#4143), 5 is the only known Islamic astrolabe bearing a world-map engraved in the 
mater. 6 The association with Jamal al-Din is strengthened by the fact that on the new rete the star- 
name fakka is incorrectly written as falaka, a mistake also found on the rete of the above-mentioned 
1666 instrument: see Fig. XIVf-3a. 

Proof that Jamal al-Dln did not copy the rete of the Athens instrument of Ibn al-Sarraj is provided 
by (a) the existence of a quatrefoil on the rete; and (b) the second double zodiacal scale on the 
horizontal diameter. Neither of these features occurs on the Athens piece. As far as we know, the 
quatrefoil was first put on Islamic astrolabes in the 10 th century. It features, for example, on the 
magnificent astrolabe of al-Khujandl (#111 —see XIIIc-9), dated 374 H [984/85], and various 
later instruments in the same tradition: see XVII. It is reasonable to suppose that this newly- 
identified rete was copied from one by Ibn al-Sarraj, otherwise unknown to us, which also featured 
a quatrefoil. The ecliptic scale on the horizontal diameter serves operations in which the grid is 
used to represent ecliptic-based (as opposed to equator- or horizon-based) coordinates, and reflects 
the kind of ingenuity to be associated with Ibn al-Sarraj. 


2 The possibility that the rete was made in Ottoman Turkey or in Safavid Iran may be dismissed outright on 
calligraphic and stylistic grounds. Each of the few astrolabes made in al-Traq between ca. 1500 and ca. 1900 is 
problematic in one way or another (incompetent astronomical markings or inscriptions, or both). Furthermore, not 
a single astrolabe of any consequence is known from either Syria or Egypt from the period after ca. 1500. Therefore 
we must look elsewhere for the provenance of this piece. 

3 See Kaye, “Delhi Astrolabes”. 

4 #71—Museum of the History of Science, Oxford—see Gunther, Astrolabes, I, pp. 191-197. 

5 #4143 —now in the Science Museum, London—see my description in Christie s New York 31.10.1985 Catalogue, 
pp. 94-95 (lot. 331). See now XIVf-4. 

6 See now King, Mecca-Centred World-Maps, pp. 95-96. 
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and Monica Rius (sahibat al-qibla) 
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* See the tributes in Millds-Vallicrosa Festschrift and Vernet Festschrift. A recent tribute to Julio Samso and the 
new Barcelona school by Charles Burnett is in Bulletin of Hispanic Studies 74 (1997), pp. 123-124. 
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1 Introduction 


“The work has swollen by degrees until that which I had originally intended as a mere 
description of a single instrument may now perhaps have some pretension to be considered as 
a monograph of the Planispheric Astrolabe. I can scarcely hope to have attained so much, but 
I believe that I have resumed all that has appeared on the subject, and have added something 
from original sources. Many, no doubt, will accuse me of having bestowed too much labour 
on what they deem to be almost if not wholly unworthy of notice, and at the best will class my 
work amongst what are called “learned trifles”. If so, I shall not complain, for learned trifles, 
however apparently trifling, are never devoid of utility; and the importance of a strict attention 
to details in the history, whether of nations or of sciences, is felt and acknowledged by all who 
look deeper than the surface. Should I have offered materials even for a page in a future 
history of Astronomical Science, I shall not have wasted my time.” William H. Morley, The 
Astrolabe of Shah Husayn (1856), p. ii. 

A medieval European astrolabe with inscriptions in both Latin, Hebrew and Arabic which has 
recently come to light—see Figs. 1-9 —is unique for a variety of reasons. 1 The few Islamic 
astrolabes that fell into European hands already in the Middle Ages often bear Hebrew or Latin 
additions to the original Arabic inscriptions. But not a single medieval European astrolabe other 
than this one bears Arabic inscriptions from before ca. 1800. In fact, it bears a set of original 
Latin inscriptions completed by a set of Arabic ones, and it has an additional layer of markings 
in Hebrew characters. The last-mentioned appear to predate the others, having been added 
during the construction and hence prior to the main engraving. In any case, this piece is not 
the work of a single craftsman, but of at least two and possibly three or even more. 

Of all the regions of Christian Europe where astronomy was cultivated during the Middle 
Ages, Spain has the least number of surviving instruments. This is rather ironical not least 
because it was in the Iberian Peninsula that Europeans first came into contact with astronomy 
in general and the astrolabe in particular. 2 Only five medieval European astrolabes can be 
securely associated with the Iberian Peninsula, this one and four others from Catalonia—details 
are given below. 3 Each is quite different from the other in design, and each one underlines 


1 The astrolabe has changed hands several times in the last few years and now belongs to an unidentified private 
collector. A detailed description by this author, condensed from the present study, is in Christie’s 15.4.1999 Catalogue , 
pp. 98-107, lot 52 (the illustration of the Hebrew markings on p. 102 was printed back to front). A less detailed 
description by this author is in Sotheby's 18.10.2001 Catalogue , pp. 110-113, lot 111. The piece had become 
available for study after it was auctioned in 1998 at the Hotel des Ventes Anticthermal in Nancy. It had been acquired 
by the vendor as part of a large estate, he being a distant relative of the deceased, who has not been identified. A 
preliminary description of the instrument prepared for the auction in Nancy by Anthony J. Turner with assistance 
from Emilie Savage-Smith is listed under Turner as “Astrolabe exceptionel” / “Exceptional Astrolabe”. This overlooks 
some of the most historically-important features and contains numerous misinterpretations, especially about the 
provenance (see nn. 46, 49, 187 and 286). 

2 The most original research on the complicated story of the mathematical sciences in Muslim and Christian 
Spain is collected in Millas Vallicrosa, Estudios , I-II; Vernet, Estudios , I-II; and idem, ed., Estudios , I-II; Samso, 
Ciencias en al-Andalus, idem , Studies ; and Vernet & Samso, “Science in Andalusia”, as well as various other works 
by the same authors and other members of the Barcelona school, including Santa Cruz 1985 Exhibition Catalogue 
and Madrid MAN 1992 Exhibition Catalogue. Alas, none of these works contains any materials relevant to the 
astrolabe under discussion. 

3 See already Gunther, Astrolabes , II, p. 305, on the dearth of astronomical instruments surviving from this 
milieu. Even the Santa Cruz 1985 Exhibition Catalogue , entitled Instrumentos astronomicos en la Espaha medieval , 
did not feature a single medieval European instrument from Spain. See also n. 288 below. 
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Fig. 1: The front of the 14 th -century Spanish astrolabe (#4560). [The photos in Figs. 1, 2, 4a, 5, 6a-b, 7a and 
7d are courtesy of Christie’s of London. The details of the astrolabe in the other illustrations are by the author, 
courtesy of a former owner.] 
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Fig. 2: The back of the astrolabe (#4560). 
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Fig. 4a: The rete. 






AN ASTROLABE FROM MEDIEVAL SPAIN 


843 



Fig. 4b: Part of the rete, with the star-pointer for Aldebaran near the middle, the name being engraved in 
abbreviated Latin and Spanish Arabic. Note the additional Arabic names for the zodiacal signs, and the crudely- 
scratched Arabic names for some of the stars. 



Fig. 5: The inside of the mater, showing the impressions of the cartouches on the back; the back of the rete; 
and the top and bottom of the alidade together with what is possibly one of the two oldest surviving screws 
from medieval Europe. 
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how little we know and, without the appearance of new sources such as the astrolabe under 
discussion, can ever hope to know about medieval astrolabes from the Iberian Peninsula, which 
are the key to understanding the introduction of the astrolabe to Europe. Yet we do know, from 
manuscript sources as well from one surviving 10 th -century astrolabe, that Europeans in Spain 
started making astrolabes with inscriptions in Latin already in that century. Presumably, dozens 
were actually made there during the Christian Middle Ages. Many more Islamic instruments 
survive from al-Andalus, that is, that part of Spain which at any given time was in Muslim 
hands, including some 20-odd from the 11 th century (not all complete) and over 50 from the 
13 th -15 th centuries (none from the 12 th century). Astronomical instruments with inscriptions in 
Hebrew are rare indeed, in spite of the highly significant role of the Jews in the transmission 
of scientific knowledge to the West. 4 Only one medieval astrolabe from al-Andalus or the 
Maghrib with inscriptions in Hebrew characters survives—see below for details. 

The instrument, in spite of the Arabic inscriptions, qualifies as a European astrolabe rather 
than an Islamic one. There is ample evidence that it was made in Central or Northern Spain 
(Toledo or Saragossa?) in the 14 th century, and that it hails from a milieu in which Christians 
collaborated fruitfully with Muslims and Jews. This convivencia was not always voluntary and 
not always amicable. 5 Both Toledo and Saragossa had, however, been the scenes of serious 
scientific activity for several centuries. 6 Toledo had witnessed the ingenious Muslim astronomer 
Ibn al-Zarqalluh (known in the Latin West as Azarquiel) and the compilation of the hodge¬ 
podge of astronomical tables known as the Toledan Tables, both in the 11 th century, then the 
capture by the Christians in 1085, followed by the vigorous activities at the court of Alfonso 
X “el Sabio” in the 13 th century. Saragossa had witnessed the brilliant mathematical activities 
of the Muslim King al-Mu’taman ibn Hud in the 11 th century, 7 but fell to the Christians in 1110. 
In the 14 th century Ptolemy’s Almagest, which represented the culmination of Greek astro¬ 
nomical knowledge, was still being copied in Arabic in that city. 8 Jewish scholars were asso¬ 
ciated with the astronomical activities at the court of Alfonso X, and with the astronomical, 
astrological and cartographic interests of Pedro IV (1336-87), ruler of the Crown of Aragon. 
Also, it is well established that Jews were involved in the metal-trade in Spain in the Middle 
Ages, 9 and no less that Jewish craftsmen were involved in instrument construction in Spain 
during the Middle Ages. 10 


4 A recent survey of Jewish astronomical activity in Spain is Goldstein, “Astronomy of Spanish Jews”. Some of 
the most reliable research on Jewish contributions, rather than their role as transmitters, is collected in Langermann, 
Studies. On instrument texts in Hebrew, albeit from Sicily, see Goldstein, “Astronomical Instruments in Hebrew”. 
Glick, “Jewish Contribution to Science in Medieval Spain”, is particularly weak on instruments—see n. 288 below. 

5 On this see New York JM 1992 Exhibition Catalogue , entitled Convivencia ... , especially the introductory 
remarks by Thomas F. Glick on pp. 1-9. 

6 See Samso, “Exact Sciences in Al-Andalus”, for a recent overview of this activity. 

7 See Hogendijk, “al-MuTaman ibn Hud”. 

8 See also Kunitzsch, Sternkatalog des Almagest , I, pp. 6-7, idem , “Ptolemy in al-Andalus”, pp. 148-149, and 
idem, “Almagest Manuscript”, on a Judaeo-Arabic copy of the Almagest partly copied in Calatayud in 1380 with the 
rest completed in the same city in 1475, and an Arabic copy which came into the possession of a Jewish scholar in 
Saragossa near the end of the 15 th century. 

9 Article “Metals and Mining”, in EJ , especially p. 1442, where it is stated: 

“Many Jewish craftsmen and artisans were engaged in the metal industry in Christian Spain. In 1365 three 

Jewish smithies are mentioned in Toledo, and there were Jewish workshops in Avila, Valladolid, Valdeolivals 
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Fig. 7a: The plate for latitude 497 °. 

Figs. 7b-c: The latitudes 327 ° ana 497 2 ° (for Jerusalem and Reims) represented with the standard medieval 
forms of the Arabic numerals but for the ‘2’, which is inverted, and the bar fraction for one-half, which is also 
inverted. 


near Cuenca, and Talavera de la Reina; a Jewish tinsmith, Solomon (Culeman) b. Abraham Toledano of Avila, is 
mentioned in a document of 1375; at the close of the 14 th century, Jewish smiths were called upon to repair the 
copper fountain of Burgos. Before 1391 many Jewish smiths, engravers, and goldsmiths lived in Barcelona. 
From a Saragossa register of 1401 we learn that there were many Jewish engravers and artisans in copper and 
iron. The local engraver’s synagogue was used for the meeting of the community administration.” 

No source is given for this information, and it is not, as one might expect, Wischnitzer, Jewish Crafts. See ibid., pp. 
92-113, on Jewish crafts and guilds in medieval Spain. In Shatzmiller, “Professions in Muslim Spain”, based on a 
medieval Maghribi source, virtually every working-class profession is mentioned but, alas, not instrument-making 
(perhaps because these people were professionals). 

10 See Mackay, “Jews in Spain”, p. 40, for a brief overview, and also Vielliard, “Horlogers Catalans”, pp. 166-167. 
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Fig. 7d: The additional plate for Algiers. 



Figs. 9a-b: On the left, the cartouche for December, with the month-name correctly engraved, along with the 
feria ‘6’ and a complete endless knot. On the right, the cartouche for Virgo, showing the name al-sunbula 
incorrectly engraved (without the ‘ n ’), a hamza (?), an a-vowel and an /-vowel, and a partial endless knot with 
additional floral strands. 
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Whoever started this instrument gave up his task before it was completed. Death or some 
other personal catastrophe might have forced this. The one cause of death and disaster that 
took everyone by surprise in the mid 14 th century was the Black Death. 11 Somehow, the 
instrument then came into the hands of a Muslim Arab named Mas'ud, who finished it. The 
Muslims living under Christian domination, the mudejars, 12 were constantly being urged by 
their co-religionists in the Nasrid Kingdom of Granada (all that was left of “al-Andalus”) and 
the Maghrib to emigrate to the Islamic world. Perhaps Mas'ud was a prisoner of the Christians 
in Spain, but he was no doubt a man of some standing, not least because he was skilled in 
the craft of astrolabe-making and in the basics of applied scientific knowledge, and no less 
because he became the first owner. There is evidence that Mas c ud made his contributions to 
the astrolabe in Spain but he clearly intended to take the instrument to Algiers, for the Arabic 
inscriptions specifically mention that city. If the piece did go to Algiers, then it returned to 
Europe, this time to Northern or Eastern France, by the 16 th century, as evidenced by yet another 
layer of inscriptions. If it was not taken to Algiers, then possibly it went directly from Spain 
to Eastern France at some time between the 14 th and 16 th century. 

This astrolabe is a singularly complicated piece from a historical point of view, replete with 
details which can help us better understand the whole instrument once we have come to terms 
with these details, yet it is silent on some of the most important considerations. The scientific, 
technological, epigraphic, and art-historical aspects are each of prime importance if we are to 
begin to understand this object. 

In the sequel, an attempt has been made to separate description from commentary. The 
astrolabe cannot be understood without reference to several other early astrolabes, details of 
which are presented in Appendixes A-B. 13 Much of the comparative material used in this study 
is taken from the catalogue of medieval Islamic and European instruments currently in 
preparation in Frankfurt. 14 Some 40 Islamic astrolabes are known from al-Andalus from before 
ca. 1350, but these are of surprisingly little help, except for one earlier Andalusl piece that 
betrays the same distinctive design of the throne: 

#154, preserved in the Adler Planetarium in Chicago, Ill., an Andalusl astrolabe by 
Muhammad ibn Yusuf ibn Hatim dated 638 H [= 1240/41]—see Fig. 12. 15 

Several Islamic astrolabes from Syria or Egypt have silver inlay as does this piece, yet the 
silver inlay here is not necessarily influenced by the Eastern Islamic tradition but rather by 
an Andalusl tradition. A few medieval astrolabes have inscriptions in Hebrew (see 3.20) or 


11 See Ziegler, Black Death, and also the text to n. 260 below. 

12 See the article “Mudejar” in EI r 

13 See King, “Catalogue of Medieval Astronomical Instruments”. Instruments are referred to by their numbers in 
the International Instrument Checklist (see Price et al., Astrolabe Checklist), here preceded by the symbol #. 

14 The majority of the instruments cited in this study have been catalogued already. It is hoped to put this material 
on the Internet in the not-too-distant future. For the time being, most readers must have recourse to Gunther, Astrolabes, 
a monumental work riddled with errors and long out of date, various catalogues, and the list of medieval Islamic 
instruments presented in XVIII. 

15 See Gunther, Astrolabes, I, pp. 300-301 (no. 154). Gunther unfortunately misdated the piece to 1747 (how, it 
is not clear). See further n. 128. 



AN ASTROLABE FROM MEDIEVAL SPAIN 


849 


additions in Hebrew, yet we are not dealing here with an astrolabe in the Jewish tradition. Not 
a single surviving astrolabe can be securely associated with Southern France before 1400, or 
even before 1500; some half a dozen of the numerous instruments that can safely be associated 
with Northern France from before ca. 1400 are of relevance to our investigation. As already 
noted, only four other European astrolabes are known from the Iberian Peninsula before 1500, 
all from Catalonia. 16 We shall have occasion to refer to them frequently. These are: 

#3042, from the late 10 th century and now preserved at the Institut du Monde Arabe in Paris. 
This was first described in 1956 by Marcel Destombes, who, to his credit, recognized it for 
what it was. 17 More recently, the piece has been the object of much controversy, not least 
because our knowledge of early European astrolabes rests on such weak foundations. 18 
#162, from ca. 1300 and now in the Society of Antiquaries in London. This elegant piece 
was first published in 1893, and was featured by R. T. Gunther in his monumental book on 
astrolabes published in 1932. It has recently been examined in detail. 19 
#416, also from ca. 1300 and now in the National Maritime Museum, Greenwich. A full 
description is shortly to appear in the new catalogue of the Greenwich astrolabes, but some 
of its features have been discussed in recent papers. 20 

#3053, made in Barcelona by the Aragonese Petrus Raimundus in 1375 and now in the 
Museum of Fine Arts, Boston, Mass. This remarkable and extremely elegant piece has not 
yet been published in detail. 21 

We further note three Andalusl astrolabes that have later additions revealing that they came into 
the hands of Europeans and/or Jews in the Iberian Peninsular already in the Middle Ages: 

#116, made in Toledo in 420 H [= 1029/30] and now in the Deutsche Staatsbibliothek in 
Berlin, has additions in Hebrew, probably also executed in Toledo. 22 
#3622, made in Cordova in the year 1054 and now in the Jagiellonian Museum in Cracow, 
has additions in medieval Catalan. 23 

#1148, made in Seville in 1230 and now in the Museum of Islamic Art in Cairo, has additions 
in medieval Spanish, as well as in Hebrew. 24 

No astrolabes with inscriptions in Hebrew survive from medieval Spain. However, a single astrolabe 
with inscriptions in Judaeo-Arabic, that is, Arabic written in Hebrew characters, survives: 


16 Descriptions in Catalan based on a text in English by this author are to appear in the volume La cibncia en la 
historia dels Paisos Catalans published by the Institut d’Estudis Catalans in Barcelona, currently in press. 

17 Destombes, “Astrolabe carolingien”. 

18 See the various studies in Stevens et al., eds., Oldest Latin Astrolabe. See also n. 41 below. 

19 See Gunther, Astrolabes, II, pp. 306-309 (no. 162); and King & Maier, “London Catalan Astrolabe”, which 
contains as an appendix the text of the 1893 publication. 

20 See Greenwich Astrolabe Catalogue (forthcoming), also n. 16 above. The plates are discussed in King & 
Maier, “London Catalan Astrolabe”, pp. 694-695, n. 60, and the Catalan month-names on the back in Maier, 
“Romanische Monatsnamen”, A, pp. 244-247. The V-shaped frame on the rete was popular on medieval English 
astrolabes; see King, “Oldest European Astrolabe”, fig. 14, for an illustration. 

21 The front is illustrated in King, “Oldest European Astrolabe”, fig. 16. See also n. 16. 

22 A detailed description is in Woepcke, “Arabisches Astrolabium”. See also Gunther, Astrolabes, I, pp. 251-252 
(no. 116); Mayer, Islamic Astrolabists, p. 75 and pi. II; and n. 242 below. 

23 See Maier, “Romanische Monatsnamen”, A, pp. 244-247, and, more especially the detailed description in 
idem, “Ein Astrolab aus Cordoba”. 

24 See Maier, “Romanische Monatsnamen”, A, pp. 247-249. 
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#3915, made either in al-Andalus or in the Maghrib ca. 1300, and now in the N. D. Khalili 
Collection in London. The rete design is related to that on #162. 25 There are several problems 
relating to this piece, 26 for it was made by someone who was more competent in engraving 
Hebrew script than in understanding Arabic and astrolabes. 

Some remarks about recent research on astrolabes are in order here. 27 Altogether some 
150 Islamic and some 150 European astrolabes survive from before ca. 1500. Each is a historical 
source that can tell us something, some far more than others. Islamic instruments are usually 
signed, 28 medieval European ones usually not. 29 Islamic instruments can be associated with various 
regional schools which are relatively easy to define; for early European instruments there is often 
no obvious clue to the provenance, and sometimes a given rete design may be, say, English or 
French or Italian. The study of European rete design is still in its infancy. Islamic instruments are 
usually dated or easily datable, European ones are seldom dated and we have less control over 
dating them. 30 A select subgroup of instruments has more than a single layer of inscriptions, from 
which we can sometimes determine the subsequent fate of the instrument. 31 

Numerous other features can be used to better understand an astrolabe and place it in its 
historical context: 

❖ the engraving (the study of which is likewise still in its infancy) and the numeral forms; 32 


25 See King & Maier, “London Catalan Astrolabe”, p. 681 and fig. 6 on p. 718. 

26 The description in Christie’s Amsterdam 15.12.1988 Catalogue is repeated in London Khalili Collection 
Catalogue , II, pp. 214-217 (no. 124). The problems of the instrument are overlooked: the plates and their inscriptions 
are confused (in other words, the latitudes underlying the markings on the plates do no correspond to the latitudes 
engraved on the plates) and the lengthy inscription makes no sense. See King, “Review”, col. 253. A banal account 
by Michael Rogers in Speyer 2004-05 Exhibition Catalogue , p. 242, again ignores all of the problems. 

27 The best introductions to the astrolabe in English are Greenwich Astrolabe Booklet , and Hartner, “Astrolabe”, 
A-B. For Spanish readers Garcia Franco, Astrolabios en Espaha , remains unsurpassed; it well deserves reprinting 
with new illustrations. The origin of some of the standard components on medieval astrolabes is discussed in XHIa. 

28 On Muslim instrument-makers see Mayer, Islamic Astrolabists. 

29 Only seven European astrolabes from before ca. 1500 are signed. These are: #292, an English astrolabe signed 
by Blakenei (dated 1342); #304, also English, undated (ca. 1400), with a problematic inscription yet to be interpreted; 
#3053, made in Barcelona by Petrus Raimundus of Aragon (dated 1375); #548, a 14 th -century Italian astrolabe, has 
additional 15 th -century markings by Henricus de Hollandia; and #4523, made by Antonius de Pacent in “Lanzano” 
(dated 1420); #4506, an Italian astrolabe bearing the initials “KP” in Urbino, 1462 (obviously not by an Italian); and 
#640, dedicated in Rome by Regiomontanus to his patron, Cardinal Bessarion (dated 1462). In the case of the last- 
mentioned it is not clear whether or not Regiomontanus actually made it, or whether it was made in Rome or Vienna 
(see King & Turner, “Regiomontanus’ Astrolabe”, pp. 197-198). See further the next note and also nn. 41 and 42 . 

30 Dated European astrolabes from before ca. 1450 are only four in number (see the previous note). These are: 
#291, an English astrolabe dated 1326; #292, Blakenei’s astrolabe dated 1342; #3053, Petrus Raimundus’ astrolabe 
dated 1375; #4523, the astrolabe by Antonius de Pacent dated 1420. On some dated astrolabes of the Vienna school 
between 1450 and 1500 see King & Turner, “Regiomontanus’Astrolabe”, pp. 188-190. On some problems of dating 
medieval Italian astrolabes see XIIId-1.1 and 2.2. 

31 For some examples of instruments with more than one layer of inscriptions see Nuremberg GNM 1992-93 
Exhibition Catalogue , II, pp. 578-581 (on #548, a 14 th -century Italian astrolabe with additional 15th-century markings 
by Henricus de Hollandia, probably in Paris); King, The Ciphers of the Monks , pp. 132 and 141-142 (on #202, from 
14 th -century Picardy with numbers expressed in monastic ciphers, and with a later dedication dated 1522 from the 
Humanist milieu of Louvain); and Maier, “Ein Astrolab aus Cordoba” (on #3622, from 1 lth-century Cordova, with 
Catalan additions probably from the 13 th or 14 th century—Maier has 15 th century, which is too late). See also idem, 
“Romanische Monatsnamen”, B, on European additions to some Islamic astrolabes, including #116 (on which see 
also nn. 22 above and 148 and 242 below). 

32 A useful guide to relevant number notations is Ifrah, Histoire des chiffres. More detailed studies of the Arabic, 
Hebrew and European notations are listed in nn. 49, 52 and 77. See also King, The Ciphers of the Monks , pp. 281- 
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❖ the design of the throne and the rete; 33 

❖ the choice of stars and their names 34 and positions; 35 

❖ the latitudes and/or localities mentioned on the plates; 36 

❖ the organization of the solar and calendar scales; 37 

❖ the existence of additional markings such as a universal horary quadrant, to provide a 
quick approximate solution to the problem of determining time from solar altitude for any 
latitude (Xlla); 

❖ the nature of the shadow scales (XIIa-B) ; etc . 

This particular astrolabe even provides new information on the medieval alphabet 38 and the 
early history of the Hindu-Arabic numerals in Europe. 39 

Instruments have been persistently ignored in studies of medieval metalwork, even though, at 
least in the Islamic world, they provide the largest single corpus of signed and dated historical 
objects. 40 There has also been an unfortunate tendency in 20 th -century scholarship to dismiss as 


317. In this study I use the notation for sexagesimal numbers standard in the modern literature on the history of the 
exact sciences: thus m;n° stands for m°n'. 

33 See King, “Astronomical Instruments between East and West”, p. 160, and also idem , “Oldest European 
Astrolabe”, for several illustrations of medieval European astrolabes, in the main previously unpublished. 

34 Arabic star-names are clearly defined and on Islamic astrolabes are generally correctly spelled. On the star- 
names that one might expect on medieval European astrolabes see Kunitzsch, Arabische Sternnamen , based mainly 
on textual sources; on actual astrolabes there are numerous forms of individual star-names that are even more 
corrupt than those in the texts. In general it is possible to identify the types of star-catalogues may have been used 
originally for a particular set of star-pointers, although there are many examples of star-names that have been much 
corrupted by copying from one instrument to another, without recourse to any manuscripts. The hazards of 
investigating such names are well revealed by the present study. See also King, “Star-Names on Three Medieval 
Astrolabes”, where the star-names on #4560, #202 and #493, respectively from 14 th -century Spain, France and Italy, 
are investigated. 

35 For the first serious attempt to investigate star-positions on astrolabe retes in the light of medieval knowledge 
about these positions (and with occasional resort to modern knowledge) see Stautz, Mthematisch-astronomischen 
Darstellungen auf mittelalterlichen Instrumenten. 

36 See King, “Geography of Astrolabes”, now in XVI, dealing with the geographical data on all Islamic astrolabes 
to ca. 1100 as well as the earliest European astrolabes (including #3042, #416, #162 and #202). 

The plates on the earliest Eastern Islamic, Western Islamic and European astrolabes were specifically for the 
seven climates of Antiquity: see further n. 259 below. On the importance of the climates in medieval instrumentation 
see King, “Astronomical Instruments between East and West”, pp. 152 and 168-169; idem, Mecca-Centred World- 
Maps , pp. 24, 27-28 and 230-234; idem, Ciphers of the Monks , pp. 356-357, 360-361 and 411-415; and now XVI- 
2-3. 

37 These scales feature on the vast majority of Western Islamic and European astrolabes, as well as on some from 
12 th and 13 th -century Syria and Egypt. See further n. 206 below. The dangers of dating instruments solely by the data 
that can be gathered from the correspondence between the solar and calendrical scales are well known: see Michel, 
Traite del’astrolabe, pp. 135-141; Zinner, Deutsche undniederlandische astronomischeInstrumente , pp. 138-139; 
Poulle, “Peut-on dater les astrolabes?”; G. Turner, “Carolingian Astrolabe”, pp. 426-429, and idem, “Dating 
Astrolabes”. 

38 On the medieval alphabet a, b,..., z, followed by the symbols & and 9, especially as used in lists and concordances 
in medieval Europe, see King, The Ciphers of the Monks, pp. 43-45. 

39 Another piece, #202, from 14 th -century Picardy, bears numbers in a notation completely different from the 
Roman and Hindu-Arabic notations: see King, The Ciphers of the Monks, pp. 131-151 and 406-419, and also n. 99 
below. 

40 A useful introduction is Ward, Islamic Metalwork, with almost exclusively Eastern Islamic examples. See also 
Granada-New York 1992 Exhibition Catalogue, pp. 207-223 and 270-295 (some two dozen metal objects from al- 
Andalus) and 376-383 (four brass astronomical instruments). 
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fakes instruments that do not fit into known categories. 41 It is symptomatic of the state of the field 
that the earliest surviving European astrolabe, #3042, was deemed highly suspicious by scholars 
who could not understand it; no amount of scholarship can now undo the damage that has been 
done to this piece. Metal analysis has not yet been applied to medieval instruments, except in a 
rather haphazard fashion to two such supposedly suspect pieces. 42 Nevertheless, the study of 
medieval astronomical instruments in general and astrolabes in particular has taken enormous 
strides in recent years. 43 

2 Description of the astrolabe 

1 Introductory remarks 

The astrolabe is in brass with inlaid silver cartouches on the back. It has a diameter of 133 mm— 
see 3.7—and is 5 mm thick. It has been assigned the number 4650 in the International Instrument 
Checklist. 44 

2 The engraving 

The engraving is partly in Latin script, partly in Arabic script, and there are scratches in Hebrew. 
It is clear that the instrument was started by a Jew, partly engraved by a European and then 
completed by an Arab, and that the Arab took over the engraving from the European. It may be 
that they collaborated at least in the inlaying of the silver cartouches on the back, for these were 
part of the original decoration but the inscriptions on them were engraved by the Arab. 

The forms of the Latin letters—see Fig. 10 —are standard, with one exception. A letter ‘9’ 
resembling, but not identical with, a 6 9’ is used for a hard C (to be pronounced K or Q) in some of 
the inscriptions. Also, there is one ligature OR. See further 2.8 and 3.2. 


41 On #3042 (cited already in n. 18 above) see Stevens et al ., eds., Oldest Latin Astrolabe. Some have thought 
that this was from the 10 th century, others that it was from the late Middle Ages, and a few saw it as a modern 
forgery. 

See also King & Turner, “Regiomontanus’ Astrolabe”, on #640, an instrument dedicated by the leading astronomer 
of the 15 th century to his patron, which was pronounced suspect after it had been auctioned in 1989. See also the 
next note. 

42 See, for example, Gratuze & Barrandon, “Nouvelles analyses”, for the results of such an analysis of #3042. 
Here we are dealing with a 10 th -century instrument but this was not proven by metal analysis because no comparison 
with contemporaneous metalwork—such as reliquaries, caskets, candlesticks and the like—was conducted. In this 
case, the engraving and also the astronomical and geographical data that the instrument can yield are more useful. 
See also King & Turner, “Regiomontanus’ Astrolabe”, pp. 183-186, for the results of a metal analysis of #640. In 
this case, the authenticity of the instrument dedicated by Regiomontanus to the Cardinal Bessarion was confirmed 
by finding ten others from the same workshop. This alas does not answer the question: “who actually made it?” (see 
n. 29 above). One thing that would be useful now is a metal analysis of the whole corpus. 

43 See King, “Astronomical Instruments between East and West”, already outdated, and idem , Ciphers of the 
Monks , pp. 364-419. 

The study of Renaissance instruments has also taken enormous strides. See G. Turner, “Giusti’s Workshop”; 
idem & Dekker, “Astrolabe by Mercator”, and eidem , “Three Astrolabes by Mercator”, as well as G. Turner, 
Elizabethan Instruments. For the 16 th -century school in Louvain and its Spanish connection see also van Cleempoel, 
Louvain Instruments , and the same author’s contributions to Madrid FCA 1997 Exhibition Catalogue. On a newly- 
discovered instrument in the latter tradition, see Moreno et al., “Spanish Astrolabe”, with some problems of 
interpretation. 

44 See n. 13 above. 
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The European engraver used the medieval European forms of the Hindu-Arabic numerals that 
were used from the 12 th century onwards, with one significant exception. Particularly striking is 
his use of the “upside-down” ‘2’, which belongs to the forms introduced in Spain in the 10 th 
century. 45 Also, he used bar fractions with the numerator on the bottom and the denominator on 
the top. See Figs. 7b-c and further 2.10 and 3.4-5. 

The Arabic script is naskhi, but this does not mean that the engraver was from, say, Syria or 
Egypt rather than from al-Andalus or the Maghrib. In the 14 th century naskhi script was used for 
inscriptions in the Nasrid Kingdom of Granada, which was still in Muslim hands—see 3.6. 

3 The throne 

The throne is elegantly worked with pierced arabesque. This is most unusual on a European 
astrolabe—see 3.8. 

4 The suspensory apparatus 

A circular ring is attached to a shackle fitted at the top of the throne. The shackle has rounded low 
conical bosses on the front and back. There is an inscription in Arabic on both sides of the boss of 
the shackle, which identifies the owner—see Figs. 3a-b. 46 It reads: 

dlLdlj (jjljil I Jj p j t - u ia 4 . >-» 


which translates: 

“Owned by the needy Mas c ud, who trusts in the King 
who is to be worshipped ( i.e ., God).” 

The word sahibuhu has been stretched all around the boss on the front. There is an unhappy sukun 
(zero-vowel) on the initial a (= sad), and the seat of the b (= ba) coincides with the top of the / (= 
lam ) of al-faqlr so that the dot is not visible. The k (= kdf) in al-malik has been repeated above the 
word. There is a criss-cross decoration below the m-s of Mas c ud. These details are significant— 
see 3.6. 

5 The mater 

The circumferential scale on the mater is divided into 5° intervals subdivided for each 1° and 
labelled for each 10° from 10° to 360°—see 3.3-4 on the forms. 

Around the rim there are divisions for each 15°, corresponding to each hour of the day. These 


45 The form is “upside-down” only in relation to the form ‘2’ that later became standard. It is in fact that form, 
which we use today, which is upside-down with respect to the earliest form of the ‘2’ in Europe, that being derived 
from one of the several Arabic forms by rotation and some stretching. See Kunitzsch, “Hindu-Arabic Numerals”. 

46 The second part of this inscription was incorrectly read as a chronogram in A. J. Turner, “Astrolabe exceptionel” 
/ “Exceptional Astrolabe”. The sum of the numerical values of the letters in the phrase al-wathiq hi-‘l-malik al- 
mabud is indeed 914, and taking this as a Hijra date, one arrives at an equivalent date of 1508/09 A.D. But making 
a chronogram out of part of an inscription of this kind goes against the rules of the game, on which see Ahmad, 
“Arabic Chronograms”, and Ifrah, Histoire des chiffres, I, pp. 600-604. It would be acceptable to use a chronogram 
in a sentence like “Mas‘ud acquired it ( imtalakahu or something similar) /or/ finished the engraving (atamma 
naqshahu or the like) ... ”. 
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are numbered from 2-12 and again 1-11 in a later (16 th -century) European hand—see 3.4 on these 
forms too. 

The inside of the mater bears no engravings whatsoever. However, the imprints of the silver 
cartouches on the back and the marks of the hammering to make the brass better receive the 
molten silver are clearly visible—see Fig. 5. 

The back (see below) is riveted to the rim of the mater with 14 rivets, whose outlines are all still 
visible on each side. (On some medieval astrolabes the mater and back are of one piece. 47 ) 

6 The rete 

The rete is of elegant and distinctive design—see Fig. 4a. 48 There are three half-quatrefoils attached 
to the inside of the ecliptic ring, each supporting a single star-pointer. The horizontal bar is counter- 
changed at the ecliptic ring and again between the ecliptic ring and the central circular disc. 

Between the lower equatorial bar and the circumferential frame, there is a distinctive small 
circular frame. A thin bar connects the equatorial frame to the central disc along the vertical 
diameter. Two small bars in the form of half-quatrefoils join the upper part of the ecliptic ring to 
the outer frame. There are four silver buttons serving as handles, two on the horizontal frame 
outside the ecliptic (the one on the left is missing), one at the top of the ecliptic ring and another 
at the centre of the equatorial frame above the small circle. For more on the design see 3.9-10. 

The scale of the ecliptic is divided into unlabelled 6°-intervals within each zodiacal sign. The 
signs on the ecliptic ring are named as follows, abbreviated for lack of space in the first half of the 
ecliptic ring: 

ARI—TA U — GEMI — CAN—LEO—VIR 
LIBRA — SCORPI —SAGITA— CAPRI— ACUAR1— PISCES 
On the two forms in bold, see 3.3 below. The engraving is not identical to that of the star-names 
(see below). The equivalent Arabic names are correctly but uncomfortably engraved in the barely 
adequate remaining space. The forms are the same as those on the back (see below). 

The back of the rete bears no astronomical markings other than the circle of the winter solstice 
on the inner side of the circumferential frame and, on the lower right half of the ecliptic frame, 
part of the circle of the summer solstice. 

7 The star-pointers 

Altogether there are 21 star-pointers, with the larger ones having three decorative holes in the 
base and the smaller ones a single hole. See further 3.11-12. Another pointer at the left-hand end 
of the lower equatorial frame is a dummy, serving not only the exigencies of symmetry but also to 
strengthen the rete. 

8 The Latin names of the stars 

The names of the stars are engraved differently from the names of the zodiacal signs, but not 
necessarily by a different person. Their forms are a mixture of Europeanised Arabic and Latin, as 


47 On #3042 and #162 the back is brazed onto the rim. 

48 R. T. Gunther would have labelled it “Hispano-Mauresque”—see his Astrolabes, II, p. 306. 
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was standard on medieval European astrolabes. A curious symbol ‘9’ is used for a hard ‘C’ (see 
below). Only in the name RIGORCA (no. 8) does the standard form of the ‘C’ appear, and this is 
used throughout on the ecliptic ring. Also there is one ligature ‘OR’ (again no. 8). The colon (in 
nos. 18 and 21) is used as a separator. A list of the star-names follows, with those of especial 
historical interest in bold. 


1 

PANTA 9AITOS 

12 

FE9A 

2 

ALGOL 

13 

ON9E 

3 

DBRAN 

14 

90R S90RPI 

4 

RIGEL 

15 

UEGA 

5 

ALABOR 

16 

RADF 

6 

90MIZA 

17 

ALTAIR 

7 

90R LEO 

18 

9AUD:90ARI 

8 

RIGORCA 

19 

9ABI 

9 

90RUUS 

20 

OMER9I 

10 

SPI9A 

21 

DNP 9AITOS: 

11 

ALRAME 




See 3.13-14 for comments on the selection of stars and on the names applied to them. 

9 The Arabic names of the stars 

The Arabic names have been added secondarily to the European names for four stars in the same 
hand as that on the boss of the shackle: 

3 dabran (the standard form is dabaran ) 13 al-hayya 

6 ghumaysa (the standard form is ghu- 17 al-tayir (the standard form is al-tair) 

mays a’) 

See Fig. 8a for the first of these and 3.15 for comments on these names. 

Also, the Arabic names of most of the other stars (all but no. 19) have been lightly scratched 
near the pointers in an inelegant hand. The hand is careless and inexact, quite different from 
that of the main Arabic inscriptions, but the names, in so far as they can be seen, are essentially 
correct. 

10 The three original plates 

Each of the four plates bears standard astrolabic markings for altitudes, azimuths and seasonal 
hours—see Fig. 6a-b. The altitude circles are engraved for each 6° and the azimuth circles for 
each 10°, the latter extending only to altitude 78°. Three of the plates are marked in Hindu-Arabic 
numerals for latitudes: 
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la 

32 V. 

2a 

40 

lb 

42 

3a 

43 

2b 

45 

3b 

49V, 


The fractions are both written \—see 3.5 below. 

The plates for latitudes 32V 2 ° and 43° each bear a second horizon, both for latitude ca. 45°. 
Both of these additional horizons are lightly engraved and give the impression that the maker 
started the plates for this latitude and then changed his mind. 

The plate for latitude 32 V 2 ° bears fish-bone markings on the altitude circle for 18° between the 
solstitial circles, which are different from those on the fourth plate—see 2.12 and 3.22. 

These three plates are of different thickness. Their weights in grams are: 

PI: 44.4, P2: 49.5, and P3: 53.9. 

See further 3.18-19 for further details on the latitudes used on these plates. 

11 The inscriptions in Hebrew characters 

Near the pegs on each side of these three plates the latitudes, this time in degrees and minutes— 
32 30,40,42,43,45,49 30—are scratched in Hebrew alphanumerical notation, using a Sephardic 
cursive variety of script (sometimes called rashl ) 49 —see Figs. 8b-c and further 3.20. 

12 The fourth plate 

The fourth plate is inscribed on one side in Arabic: c ard al-Jazayir “latitude of Algiers”—see Fig. 
7d. The hand is the same as that of the inscription on the boss of the shackle and of the four Arabic 
star-names on the rete. There is a sukun on the first r ( ra ), a second on the l (= lam ) and yet 
another on the final r (= ra)- A latitude of ca. 36°, possibly 35;30°, underlies the astrolabic 
markings. 

This plate for Algiers bears unlabelled curves for the times of the midday and afternoon prayers 
(zuhr and c asr). The altitude curve at 18° above the horizon is distinguished by fish-bone markings 
between the solstitial circles for the prayers at nightfall and daybreak (' isha and fajr). On the 
other side there are astrolabic markings for an unspecified latitude, which can be determined by 
inspection to be ca. 21;30°, possibly 21;40°, serving Mecca. 50 The altitude circle for 18° bears 
fish-bone markings, as on the side for Algiers. 

This plate may have been prepared in its raw form by the European who made the others. It is 
slightly thicker than the thickest of the three other plates: it weighs 57.5 grams. Whilst at first 


49 On Hebrew alphanumerical notation see Ifrah, Histoire des chiffres, I, pp. 520-529, and also Gandz, “Hebrew 
Numerals” (does not deal with medieval usage), and Goldstein, “Hebrew Astrolabe”. On various examples of 
Sephardic cursive script see Birnbaum, Hebrew Scripts, I, pp. 263-267, and II, nos. 246-251. In A. J. Turner, “Astrolabe 
exceptionel” / “Exceptional Astrolabe”, the markings in Hebrew script are overlooked. 

50 Kennedy & Kennedy, Islamic Geographical Coordinates, pp. 225-226; and King, “Geography of Astrolabes”, 
p. 13, now in XVI-6. 
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sight the astronomical markings resemble those of the other three plates, closer inspection reveals 
that they were not engraved by the same person. In fact, it seems that the astronomical markings, 
as well as the Arabic inscription mentioning Algiers, are by Mas'ud. See 3.21-22 for more details. 

13 The back 

The back—see Fig. 2—bears two altitude scales in each quadrant above the horizontal diameter. 
These are divided for each 5°, subdivided for each 1°, and are labelled for each 10° from 10° to 
90° on each side. The corresponding scales below the horizon are divided for each 15° but bear no 
labels: they define the midpoints of the zodiacal signs on the scale that they bound. 

14 The double shadow square 

Below the horizontal diameter is a double shadow square, with horizontal shadows labelled 
OMBRA RE9TA and vertical ones OMBRA UERSA. The shadows are to base 12, as was standard 
in medieval astronomy, and the scales are divided for each four units sub-divided for each unit 
and labelled for each four units: 4 —8—12. 

15 The solar and calendrical scales 

The solar scale on the back is divided for each 5° of each zodiacal sign, subdivided for each 1° 
and labelled for each 10°. The excentric calendrical scale is divided for each 5 days, sub-divided 
for each single day and labelled for each 10, thus: 10—20—n, where n is the number of days in 
the month (e.g., 31 for January, 28 for February, etc.). The equinox on the solar scale corresponds 
to March 13'/ 3 on the calendrical scale. The other equinox is at September 16V 2 , and the solstices 
at June 15 3 / 4 and December 147 3 . See further 3.23-24. 

16 The silver cartouches 

The silver cartouches for the names of the signs of the zodiac and the months on the back were 
inlaid at the same time as the graduated scales were engraved. Their borders are contiguous with 
the circles bounding the scales. The extremities of the “rectangular” cartouches are in the form of 
a half-quatrefoil. See further 3.25-26. 

17 The names of the zodiacal signs 

The names of the zodiacal signs on the solar scale are in Arabic, engraved on the first set of inlaid 
silver cartouches. The names are the standard Arabic ones, namely: 

al-hamal — al-thawr — al-jawza[ 7— al-saratan — al-asad — al-su[n]bula — 
al-mlzan — al-‘aqrab — al-qaws — al-jady — al-dalw — al-hut 
The hamza at the end of al-jawza has been omitted, as has the n (= nun) in al-sunbula. On these 
names various Arabic letters or alphanumerical letters or vowel-signs are also engraved. In the 
following list and hereafter, 0 denotes a sukun or zero-vowel sign, and a, i, u the vowels, written 
in the inscriptions as a (= alif), y ( =ya ), and w (= waw); 51 * denotes a shadda, the sign denoting 


51 As noted in Wright, Arabic Grammar, I, p. 8, the standard vowel signs are probably originally derived from 
these corresponding weak consonants. 
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a doubled consonant, and 3 represents the weak guttural hamza. The additional symbols are: 
al-hamal: 0 —0— u al-thawr. u — a or 0 (squashed) 

al-jawza: 0 (altered) al-saratan : no marks 

al-asad: 0 —-z (= zdy) — d (= dal) al-sunbula : 3 — a — i 

al-mizan : h ( ha 3 ) or j (=jim )—0 al- c aqrab: 0 —0 

al-qaws : 0— a al-jady. a 

al-dalw: a —* al-hut: 3 —a 

These, along with various criss-cross patterns and flourishes, have been used as a kind of decoration. 
Yet their presence and organization is not entirely fortuitous—see 3.27 and 3.29 below. 


18 The month-names 

The month-names on the calendrical scale are also engraved in Arabic in the second set of inlaid 
silver cartouches. They are unvowelled, as is usual: 

ynayr—fbrabr [sic for fbrayr\ — mars — 3 bryl — mayw—ywnyh — 
ywlyh — 3 ghsht — shtnbr — "ktwbr — nwnbr—djnbr 

Again there is a surplus of sukuns, namely, on the final r (= ra 3 ) of fbr'br, on the w (= wdw) of 
m Vh’, the w of ywlyh, and the sh (= shin) of 3 ghsht. In addition there are shaddas on the s (= sin) 
of m’rs, the t (= ta) of shtnbr, the k (= kaf) of 3 ktbr , and the w of nwnbr. These are of particular 
interest—see 3.28. 

Next to these names is engraved a number in Arabic alphanumerical notation: 52 

al if—dal — dal — zay — ba 3 — ha 3 — zdy — ta 3 — wdw — ta 3 — dal—wdw 
1 —4—4—7—2—5—7—3—6—3—4—6 . 

The associated numbers are for finding the feria or day of the week (the third value from last 
should be 1 not 3). Thus if the year starts on a Sunday (=1), February will start on a Wednesday (= 

4), etc. 


19 The alidade 

The alidade—see Fig. 5 —is of the counter-changed variety with a square plate at the centre and 
clef decoration at each end. The rectangular sights each have a circular hole 2 mm in diameter and 
a semicircular cut-out in the half of the base which sits free of the radial stems. A small circular 
ring attached to the head of a screw with washer fits inside a hollow cylindrical shaft attached to 
a ribbed circular disc. This appears to be original—see 3.31. 


52 On Arabic alphanumerical notation see Irani, “Arabic Numeral Forms”; Kunitzsch, “Letters in Geometrical 
Diagrams”, table 1 on p. 14; and also Ifrah, Histoire des chiffres, I, pp. 582-591. 
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3 Commentary 
1 Five layers of inscriptions 

We can distinguish five different layers of inscriptions, of which the main ones, namely, the second 
and third, appear to be contemporaneous and the first cannot have preceded them by very long (a 
matter of days at the most). The fifth layer was certainly added a long time thereafter (16 th century?). 

1 The Hebrew inscriptions scratched on three of the plates, apparently intended only as an 
aide-memoire to the maker. 

2 The “Latin” inscriptions 53 on the rete, back and three plates. 

3 The Arabic inscriptions on the boss of the shackle, the rete, the back, and the fourth plate. 

These were all engraved by the first owner, Mas c ud. 

4 The second set of Arabic inscriptions scratched on the rete. 

5 The 16 th -century Northern / Eastern French numeral forms engraved around the outer rim. 
The possibility that the Latin inscriptions were engraved by the same person who scratched the 
Hebrew characters on the plates cannot be excluded. Thus we would have four different layers 
(with la and lb by the same person): 

la The Hebrew construction marks on the plates, 

lb The “Latin” inscriptions on the rete, back and three plates. 

2 Mas c ud’s Arabic inscriptions on the boss, the rete, the back and the fourth plate. 

3 The second set of Arabic inscriptions on the rete. 

4 The Northern / Eastern French numeral forms around the outer rim. 

Yet another possibility must be mentioned, namely, that the first and fourth of the five sets of 
inscriptions were made by the same person, after the Latin and the main Arabic inscriptions had 
been completed and presumably after the instrument had passed out of the hands of Mas'ud, its 
first owner. The probability that a Jewish owner would engrave the latitudes in Hebrew 
alphanumerical notation for his own purposes (rather than for construction purposes) and would 
have added the second set of Arabic markings should be considered. In favour of this hypothesis, 
there is the fact that both sets are scratched rather than engraved. A Jew competent in Arabic 
might have thought that the star-names should all be in Arabic, and the Hebrew alphanumerical 
notation is basically the same as the Arabic one anyway—only the script is different. There is a 
substantial corpus of inscriptions and literature in Judaeo-Arabic, that is, Arabic written in Hebrew 
script from medieval Spain and the Maghrib, as well as from other parts of the Islamic world. 54 In 
other words, we would have four main layers of inscriptions (with 3a and 3b by the same person): 

1 The “Latin” inscriptions on the rete, back and three plates. 

2 The Arabic inscriptions on the boss, the rete, the back and the fourth plate. These were 
engraved by the first owner Mas'ud. 


53 Here and elsewhere the term “Latin” is used advisedly, and in preference to, say, “Gothic”. The “Latin” 
inscriptions include the medieval forms of the Hindu-Arabic numerals on the various scales on the front and back as 
well as on the plates, the names of the signs on the ecliptic ring, the star-names, and the inscriptions on the shadow- 
square on the back. Note that the engraving on the ecliptic ring is slightly different and from an orthographical point 
of view significantly different from that used for the star-names (for example, no ‘9’ is used). 

54 See the article “Judaeo-Arabic” by Joshua Blau in EI r 
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The engraving on the ecliptic circle: 

HBGeeiLmn 

OPKKSSTil 

The engraving (star-names, shadow-squares on back): 

H B ff^DeFGIL m 

H 0 2 K S T u ^ o\ 

The numerals on the scales on the front and back and on the plates: 

I Z } HZ (TA 8 D 0 

The two latitudes featuring fractions: 

?*f R9f 

The numerals on the outer rim: 

IZJ4 S <5 7 8 S> 0 


Fig. 10: The forms of the Latin letters and Hindu-Arabic numerals on the astrolabe. [Graphics by Reinhard 
Glasemann, Frankfurt.] 
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3a The second set of Arabic inscriptions on the rete. 

3b The Hebrew inscriptions scratched on the plates. 

4 The Northern or Eastern French numeral forms around the outer rim. 

Against this hypothesis is the fact that the second set of Arabic inscriptions was clearly added 
after Mas c ud engraved his four star-names, for these are not included in the second set. 

2 The Latin engraving 

The engraving of the “Latin” star-names, the latitudes on the three original plates, and the 
inscriptions on the back is in a single hand. The engraving of the names of the signs on the ecliptic 
ring is different, but not necessarily by another person. Both sets of forms of the letters are standard 
for 13 th - and 14 th -century Spain. 55 They are shown in Fig. 10. 56 

The special ‘9’ form for hard ‘C’, which is used with only one exception in the star-names and 
also in the word RE9TA on the back, but not on the ecliptic ring, is not attested on any other 
known medieval instrument. A more usual form of ‘C’ is found in the star-name RIGORCA (no. 
8). It seems that ‘9’ is used when the sound is a hard ‘C’ or a ‘K’ or a ‘Q\ The normal ‘C’ in 
RIGORCA may mean that it was pronounced RIGORCA or RIGORSA. 

The letter ‘Q’ was written like ‘9’ in certain Spanish manuscripts from the 13 th to the 15 th 
centuries, 57 as a result of writing the tail of the ‘Q’ to the left rather than the right. The hypothesis 
that the ‘9’ here is intended to be a ‘Q’ is not tenable. For on the astrolabe it is not just ‘Q’ which 
is engraved as ‘9’ but also, for example, the hard ‘C’ as in 90R and RE9TA. And some of the 
same Spanish alphabets have a ‘K’ whereas others do not. So we must look beyond the standard 
alphabets. 

The symbol ‘9’ is actually a letter of the expanded medieval “Gothic” alphabet. 58 This consisted 
of the letters ‘a’ to ‘z’, 59 and in addition the two letters ‘&’, the “ampersand” that we still use 
today, and a letter ‘ 9 ’ which has no name, but which was “so graceful and chaste in early and 
middle gothic”. 60 This ‘9’ is attested already in Roman Antiquity: it is mentioned by the grammarian 
Valerius Probus in the 1 st century. Originally conceived as one of the symbols of the Tironian 
Notes, the Roman speed-writing notation devised by Tiro, amanuensis of Cicero ( ca . 63 B.C.), 61 
in the Middle Ages it served firstly as an abbreviation for the prefix con- or cum- and, secondly, 
albeit upper-case and in smaller versions which sometimes resemble a comma, the ending -us. It 
is well known to all those familiar with Latin and medieval palaeography and its almost perverse 
systems of abbreviations, 62 and its presence has already been noted on medieval astrolabes. 63 On 


55 The resemblance to the engraving on the Catalan astrolabe #162, datable ca. 1300, and #3053, made in Barcelona 
in 1375 by an Aragonese, is striking. On the former see the letters and numbers reproduced in King & Maier, 
“London Catalan Astrolabe”, p. 716, fig. 4, drawn by Reinhard Glasemann, Frankfurt. 

56 These were also drawn by Reinhard Glasemann. 

57 See Garcia Villada, Paleografia espahola, I, pp. 328, 330 and 335, as well as p. 356 ad fig. 112 in vol. II, and 
also Lopez de Toro, Abreviaturas hispanicas, tables I-II. 

58 See already n. 38 on this extended alphabet. 

59 With or without certain letters such as ‘h’, ‘j‘k’, ‘q’, ‘ v ’, ‘w’ and ‘y’, depending on the language involved. 

60 Quoted from Thomson, Latin Bookhands, notes ad no. 17. 

61 On the Tironian notes see Kopp, Lexicon Tironianum, and Costamagna et al., Nod Tironian . 

62 The abbreviation ‘9’ is discussed in Chassant, Dictionnaire des abreviations, pp. xxxii and xxxiv, Prou, Manuel 
depaleographie latine et frangaise, pp. 67 and 68, and Cappelli, Lexicon abbreviaturarum, pp. XXV-XXVI, where 
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this astrolabe we find the ‘9’ used as a letter of the alphabet, which is an extremely rare 
palaeographic phenomenon, but which must be associated with a particular location and epoch. 
The question is: can we use this unusual feature to identify the provenance? 64 Until the present 
time it has not been possible. 65 Apparently, the ‘9’ was used in 12 th -century Aragon for a simple 
‘S’, 66 but the use of ‘9’ for a hard ‘C’ on a 14 th -century astrolabe seems to constitute the first (and 
perhaps only?) evidence of this particular phenomenon, thus being, at least in my opinion, of 
extreme epigraphic importance, 67 and one that we can only ever hope to understand within the 
context of medieval Spanish epigraphy. 


the two different forms are distinguished; Delisle & Traube, “Signe abreviatif”; Poupardin, “Abreviation”; 
Schiaparelli, “Note paleografiche”, pp. 248-249; Laurent, De abbreviationibus, pp. 43-44; and Bischoff, 
Palaeography , pp. 151-168. 

For lists of words in Latin and French beginning with this abbreviation see Chassant, Dictionnaire des 
abreviations , pp. 109-112 and 150; and Prou, Manuel de paleographie latine et frangaise, pp. 343-349 and 378. 
Cappelli, op cit., pp. 68-85, gives numerous examples but not of 4 9’ being used strictly as a letter of the alphabet. 
Various examples of the standard uses of the 4 9’ from medieval Spanish manuscripts are illustrated in Millares 
Carlo, Paleografia espahola , II, pp. 112-113, pi. 76B, nos. 73-81 (for con-) and 85-96 (for -us). 

On practice alphabets found in medieval sources see Wolpe, “Florilegium Alphabeticum”; the article “Abecedaire” 
by H. Leclercq in Diet. arch, chret ., I, cols. 45-61; and Ullman, “Abecedaria”. 

63 An additional 15 th -century inscription on a 14 th -century Italian astrolabe, #548, reads: Henric9 de Hollandia 
9posuit me , where the verb is composuit , meaning here “put together in its present form”. There is also a plate for 
pari9 , that is, Parisius. See Nuremberg GNM 1992-93 Exhibition Catalogue , II, p. 580 {ad no. 1.74) and figs. 
1.74.3-4. 

Likewise, the star-name 9 iuncte for coniuncte is found on an Italian astrolabe #4509 from ca. 1300—see 
Amsterdam NK1990 Exhibition Catalogue,\). 101 (no. 186) and p. 106. The 8th month-name is engraved as A UG9TUS 
{AUG9T9 would be more consistent!) on a 13 th (?)-century astrolabe of uncertain provenance, #558—see Nuremberg 
GNM 1992-93 Exhibition Catalogue , II, p. 576 {ad no. 1.72). 

64 See the study Sed-Rajna, “Toledo or Burgos?”, dealing with illuminations in a corpus of medieval manuscripts. 

65 The following works have been consulted in addition to various catalogues of manuscript collections in Madrid, 
Toledo and Salamanca: 

Madrid MAN Catalogue , on epigraphic inscriptions; Thomson, Latin Bookhands , with numerous dated extracts 
of manuscripts arranged according to provenance; Garcia Villada, Paleografia espahola ; Millares Carlo, Paleografia 
espahola ; Gimeno Blay, “Escrituras bajomedievales”, alas restricted to collections in Valencia; Cooper, “Language 
of Late Medieval Aragon”, a linguistic review of a corpus of late medieval documents from Upper Aragon; Mateu 
Ibars, Braquigrafia de sumas , on abbreviations in numerous Spanish Latin numerous scholastic texts from the 13 th 
to the 16 th century; Mateu Ibars & Mateu Ibars, Colectanea paleografica , dealing with Aragonese manuscripts and 
richly documented with sample alphabets; Marin Martinez & Ruiz Asencio, Paleografiay diplomatica , with numerous 
regional examples of alphabets; Arnall i Juan & Pons i Guri, L Escriptura a les terres gironines, dealing with 
examples from Girona; and Uson Sese, Escritura en Aragon , dealing with calligraphy in Aragonese texts from the 
11 th to the 16 th century. 

From the extracts presented in Thomson, Latin Bookhands , it appears that French copyists had more of a 
predilection for the use of 4 9’ for con-, etc., than their counterparts elsewhere in medieval Europe, but this may be 
an illusion. 

66 This is stated categorically in Millares Carlo, Paleografia espahola, I, p. 113 (“si lo uso a veces con valor de 
simple s, y asi se lo ve en documentos aragoneses del siglo XII”), but the reference is alas a blind one, since the 
sources referred to in the associated footnote, namely, Delisle & Traube, “Signe abreviatif”, and Poupardin, 
‘Abreviation”, deal only with the symbol 4 9’ in French and Belgian manuscripts. 

We also note the use of 4 Cc’ for 4 g’ in a Spanish manuscript dated 1422—see Garcia Villada, Paleografia espahola, 
p. 352 ad facsimile no. 109. There is no distinction made between c and g in the organization of an Aragonese 
glossary from 14 th -century Toledo—see Castro, Glosarios latino-espaholes, pp. 3-5. 

67 1 thus beg to differ with two colleagues. Firstly, Paul Kunitzsch of Munich (letter of 6.09.2000) wrote: “I am 
not sure whether ... the 9 was really intentional for a “hard C”, or just simply a graphical variant, a personal [quirk] 
of the craftsman.” Also Martin Hellmann of Heidelberg, who has recently published a doctoral thesis on a medieval 
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In addition, a ligature OR is used in the same star-name RIGORCA. This particular ligature is 
common in early (9 th - to 12 th -century) manuscripts. 68 It is probably not insignificant that a ligature 
AL is used on the medieval Catalan additions to an 11 lh -century Islamic astrolabe from Cordova 
(#3622), 69 as well as on various later medieval astrolabes. 

Only once in the recent past has an epigrapher turned his attention to the engraving on a medieval 
astrolabe, confirming from the distinctive forms used for the lettering what is evident from other 
aspects of the same instrument. 70 The spadework of epigraphers may eventually lead to a localization 
of the distinctive Latin engraving of the astrolabe under discussion. 

3 Traces of vernacular influence in the Latin inscriptions 

Traces of vernacular influence on medieval Latin, let alone vernacular Romance dialectal forms, 
can be extremely useful indicators of the provenance of instruments. Recently, such evidence has 
been exploited for the first time. 71 

The form ACUARI for AQUARI(US) may be nothing other than an orthographical variant (C 
for Q) rather than a dialectal one. In the erroneous star-name CAUD:COARI (no. 18 in the star- 
list) it seems that we are dealing with a more developed vernacular form (A)COARI. An early- 
13 th -century Andalus! astrolabe from Seville with later Northern Spanish inscriptions (#1148) has 
AQARI, which our engraver would probably have rendered as A9ARI. Both the astrolabe of 
Petrus Raimundus of Aragon (#3053), made in Barcelona in 1375, and the medieval Catalan 
additions to an 1 l th -century astrolabe from Cordova (#3622) have ACARI. The switch qu —> c in 
Spanish Latin is attested. 72 On the 14 th -century Picard astrolabe (#202) we find ACARIUS. 73 
SAGITTARIUS was spelled with one ‘T’ as often in the Middle Ages as it is today. 74 

The form OMBRA for Latin UMBRA reveals Spanish or French vernacular influence. It should 
be borne in mind that OMBRA is still Latin, albeit with vernacular influence, rather than a true 
Romance form (such as sombra or ombre). 15 The same phenomenon of short u —> o is attested in 


commentary to Boethius partly written in Tironian Notes, and has also reviewed my recent findings on a missing 
connection between Ancient and medieval shorthands (see his “Review of King, The Ciphers of the Monks ”), points 
out (private communication on 30.11.2002) that: (1) there was no need in Latin for another symbol for a hard ‘C’, 
since ‘C’, ‘K’ and ‘Q’ were available; (2) it would not be abnormal for a scribe to make a ‘Q’, written ‘9’, out of a 
‘C’ to represent a hard ‘C’; further (3) a graphic double-form of ‘CC’ (see previous note) is for him nothing special. 

68 W. Mayer, “Buchstaben-Verbindungen”, pp. 36-38. See also article “Paleography” in DMA , especially IX, p. 
346a. 

69 See Maier, “Ein Astrolab aus Cordoba”, pp. 121 and 127. Here the ligature is used in star-names beginning 
with the Arabic article al-, and this feature is all the more remarkable because the star-names are punched. 

70 See Mundo, “Analyse paleographique de 1’astrolabe ‘carolingien’”. The basic documentation of letter-forms 
on medieval instruments is also important: see Glasemann, “Zwei mittelalterliche franzosiche Astrolabien”, p. 226. 
The engraving on Renaissance instruments is under better control, thanks mainly to the labours of Koenraad van 
Cleempoel and Gerard L’E. Turner. 

71 See Maier, “Romanische Monatsnamen”, A-B. In King & Maier, “London Catalan Astrolabe”, pp. 686-690, it 
was the Catalan forms of star-names and month-names that were used to establish the provenance. 

72 Castro, Glosarios latino-espaholes , p. xliv. 

73 These variants are listed in King, The Ciphers of the Monks , p. 411, n. 12. See also Maier, “Ein Astrolab aus 
Cordoba”, p. 126. 

74 See King, The Ciphers of the Monks , pp. 410-411. 

75 On the switch u —> o see Castro, Glosarios latino-espaholes , p. xxxiv. On the fate of UMBRA in Spanish see 
Corominas, Diccionario , V, pp. 298-300, especially p. 298b. See also the Renaissance Italian astrolabe with OMBRA 
in Gunther, Astrolabes , II, p. 331. 
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the star-names 0N9E (no. 13), OMER9I (no. 20) and (RIG)ORCA (no. 8—see below). 

Also in the star-name RIGORCA (no. 8) it seems likely that the ORCA, pronounced ORSA, is 
from Latin URSA(E). No other explanation comes to mind. Here again the change could be taken 
to display Spanish or French influence, or even Italian: compare Spanish osa, French ourse, and 
Italian orsa. In the case of RADF (no. 16) instead of RIDF or REDF it may be that we are witness 
to a change i —> a that is also attested in medieval Spanish Latin. 76 

4 Numerical considerations 

The numeral forms on the scales of the mater and back, as well as the latitudes on the three 
original plates, are, with one exception, the standard medieval forms of the Hindu-Arabic 
numerals. 77 They are shown in Fig. 10. 

The ‘2’ is always written—as we would say—upside-down. This form of the ‘2’, although not 
attested on any known astronomical instrument, is found throughout the Middle Ages and as late 
as the 16 th century, although it was generally replaced by the more common upright form, which 
we use today. 78 One theory proposed to explain why some of these numerals have a different 
aspect from the Hindu-Arabic numerals that were introduced in Spain is that the numbers on the 
abacus stones were seen in different aspects depending on where one stood in relation to the 
device. 79 On the other hand, the inverted form of the ‘2’ is standard in the earliest European forms 
of the Hindu-Arabic numerals, used from the 9 th century to the early 13 th , but the forms of the 
other numerals on this astrolabe are not found in European sources in Spain before the 12 th century. 80 
Furthermore, no other medieval source, object or manuscript, having this combination of the 
“old-fashioned” ‘2’ and the “new” “Gothic” forms of the other numerals comes to mind. 81 In the 
light of our engraver’s use of the Tironian abbreviation ‘9’ as a letter of the alphabet (see 3.2), we 
should at least mention that in 13 th -century Toledo the Tironian abbreviation for Latin et also 
looked like an inverted ‘2’. 82 Could this perhaps be the reason why our engraver preferred this 
inverted form? 


76 See Castro, Glosarios latino-espaholes, p. xxxvi, especially the form aladada via perhaps alhidada or alidada 
from Arabic al-'ihada, meaning “alidade”. This form is not listed in Kunitzsch, “Fachausdriicke der Astrolabliteratur”, 
pp. 527-528 (pp. 73-74 of the separatum). 

77 The most useful single source is Hill, Arabic Numerals, based mainly on manuscripts in the British Library. 
See also Ifrah, Histoire des chiffres, II, pp. 341-373, and King, The Ciphers of the Monks, pp. 309-317. 

78 Hill, Arabic Numerals, pp. 28 and 44. See also Juschkewitsch, Mathematik im Mittelalter, p. 355, fig. 98, for 
some 19 different forms of the ‘2’ from medieval manuscripts (other forms could be added), and Ifrah, Histoire des 
chiffres, I, p. 880 on the development of ‘2’. 

79 Beaujouan, “Rotation des chiffres”. 

80 The two tables of forms in Ifrah, Histoire des chiffres, II, pp. 348 and 362, display respectively 23 examples of 
inverted ‘2’s from between 976 and the beginning of the 13 th century, and 22 examples of upright ‘2’s from the 
period between the 12 lh century and the early 16 th . See, most recently, Burnett, “Abacus at Echternach”, pp. 94-95, 
102-103 and 106-107, on this inverted ‘2’ in Echternach (Luxembourg) ca. 1000. 

81 In a little-known article Piccard, “Les chiffres chez les anciens et les modernes”, published in Lausanne in 
1860, in the table after p. 194, we do find two sets of digits 1-9 with standard medieval forms of all numerals 
including ‘4’, ‘5’ and ‘7’, but with inverted ‘2’, of which Piccard claims that these are from Sacrobosco and Roger 
Bacon. Alas he gives no further information on the sources. 

82 See Thomson, Latin Bookhands, ad no. 117, a manuscript copied in Toledo in 1253/54, featuring this abbreviation 
with a long horizontal stroke. 
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The history of the Hindu-Arabic numerals in Europe has yet to be written. 83 Suffice it to say 
that first, there existed various forms of the nine symbols and zero-symbol in use in each of the 
Islamic and Byzantine worlds, as well as in each of Spain and Italy, and second, the upside down 
variety of the ‘2’ was already old-fashioned by the 14 th century. It should be borne in mind that the 
numerals were engraved on this instrument less than two centuries after they had been introduced 
in Spain, and that in the vast majority of Spanish manuscripts (not necessarily scientific ones) 
from the 13 th to 15 th century Roman numerals rather that Hindu-Arabic numerals are used for 
dating. 

The numeral forms on the outer rim of the mater are shown in Fig. 10. These are distinctly 16 th - 
century Northern French or German in form, notably the ‘Z’-shaped ‘2’. 84 This form of the ‘2’ 
could be Spanish, and is attested there already in the 14 th century, 85 but it is the whole set which 
suggests a later and also a more northerly provenance. 86 Actually, it is the forms of the ‘4’, ‘5’, ‘7’ 
and ‘8’ that necessitate this late dating. In fact, the ensemble resembles the forms used in the 
illustrations of the rete and back of an astrolabe (#203) in the treatise L ’usaige de l ’astrolabe by 
Dominique Jacquinot, printed in Paris in 1545. 87 One may wonder whether these numerals were 
added in Lorraine, where the astrolabe was to be found, since when we do not know, and until 
1998. 

5 The bar fractions 

The two bar fractions on the plates for latitudes 32 V 2 ° and 49*/ 2 ° are the earliest original attestations 
of bar fractions in Europe on an astronomical instrument. 88 In fact, they are the only undisputed 
occurences on an instrument before the late 16 th century, 89 when we find V 4 appearing at the end of 


83 Studies such as Lemay, “Arabic Numerals”, and Beaujouan, “Rotation des chiffres”, like all other modern 
studies, suffer from the fact that the authors are familiar only with the Latin tradition. Before looking at the forms 
attested in early medieval Europe it is instructive to note the divergent forms existing in the Islamic world before 
some of them were transmitted to Europe. For new light on this topic, see Kunitzsch, “Hindu-Arabic Numerals”; 
and King, The Ciphers of the Monks , pp. 309-317. 

84 This form of the ‘2’ is found already in 12 th -century French manuscripts (see Ifrah, Histoire des chiffres , II, p. 
362), on the French astrolabe #428 from ca. 1300, and on the astrolabes of the workshop of Jean Fusoris of Paris ca. 
1400 (see the article in DSB and the illustration of #192 in Gunther and in Poulle, Instruments du Moyen Age , pp. 20 
and 22). 

85 The ‘Z’ form for ‘2’ is found alongside a rounded ‘2’ on #3053, the astrolabe made in Barcelona in 1375 by an 
Aragonese: here, however, the ‘Z’ is, as often as not, written backwards! 

86 It is, of course, possible that these numbers were added in Spain in the 16 th century. Thus, for example, the 
numerals engraved on #165, an astrolabe made in Saragossa in 1558, have a rounded form of the ‘2’ and other 
standard Renaissance forms. Also the forms of 18 sets of Hindu-Arabic numerals from between the late 15 th and the 
16 th century from Spanish documents presented in Fabarta & Barcelo, Numeros y cifras , pp. 37 and 45, do not 
correspond to the numerals added to our astrolabe. 

87 Illustrated in Gunther, Astrolabes , II, pp. 350-352 (no. 203). 

88 On the plates of #621, a composite 14 th -century Italian (?) astrolabe, one of the latitudes, presumably that 
corresponding to the location of the maker, is engraved as 43 +, that is 43V 2 ° —see Munich Astrolabe Catalogue , 
no. 2, with illustration. On this form, see also Cajori, History of Mathematical Notations , I, p. 311, after Cappelli, 
Lexicon abbreviaturarum , pp. FV and 408, mentioning the 13 th century. 

89 On the back of #101, an astrolabe made in Iraq in the 10 th century, the markings are all by a European. The 
solar and calendar scales are improperly constructed, and the very medieval-looking letters of the alphabet are 
mixed with 16 th -century numeral forms on the scales. At the end of February we find 287 . All of this engraving 
seems to be by a 19th-century faker. See further XIIIc-6 and XIIId-2.7. 
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December (as 31V 4 ) on calendar-scales of astrolabes from Louvain (workshop of the Arsenius 
brothers, etc.). 90 In some 16 th -century additions to an 1 l th -century AndalusI astrolabe #117, additions 
doubtless made in Spain, the fraction in the latitude 41 y° on one of the plates is written without 
the bar altogether. 91 Now on the astrolabe under discussion, the fractions are written—as we 
would say—upside down, thus: \—see Figs. 7b-c. 

The first attestation of bar fractions more or less in the form we know them today 92 is in a 
treatise on arithmetic by Abu Zakariya 3 al-Hassar, a 12 th - or 13 th -century scholar from the Muslim 
West. Little is known about the life of al-Hassar. 93 (Of course, other forms for fractions were used 
in earlier Islamic writings on arithmetic; indeed, “our” forms without the bar may have appeared 
in India at the same time as the Indian numerals. 94 ) al-Hassar’s treatise was translated into Hebrew 
by Moshe ben Tibbon (1240-1275) in Montpellier in the year 1271. 95 This was one way in which 
fractions were introduced in Europe, but it was not the only way. For they appear already in the 
Liber abbaci (1228) on computation by Leonard of Pisa known as Fibonacci (b. ca. 1170, d. after 
1240), who was well acquainted with Muslim sources, having worked in Bougie, now in Algeria, 
then a Pisan trading colony, and having studied there with Muslim scholars. 96 Several later Muslim 
writers use bar fractions. 97 Later European scholars using bar fractions are Jean de Linieres (d. ca. 
1350), Jean de Murs (14 th century) and Nicole Oresme (1320-1382). 98 

We can be certain that the engraver was working in a milieu, probably very restricted 
geographically and temporally, where everyone wrote them with the denominator on the top and 
the numerator on the bottom. 99 No other attestations of fractions of this kind are known either 
from medieval Islamic or European sources. 100 Neither does there appear to be any Jewish/Hebrew 


90 No backs of standard Arsenius-type astrolabes are illustrated in Gunther, Astrolabes, and no fractions appear 
on those few shown in Madrid FCA 1997 Exhibition Catalogue. Four such astrolabes with V 4 written “properly” 
are: #411, #439, #486 and #3016 (information kindly provided by Koenraad van Clempoel; these instruments are 
not listed in Appendix A). 

91 See the detailed description in Garcia Franco, Astrolabios en Espaha , pp. 229-235 (no. 12), especially p. 233. 
The same feature occurs on a newly-rediscovered 16 th -century Spanish universal astrolabe #4561—see Moreno et 
al ., “Spanish Astrolabe”. Indeed, the markings on these two astrolabes may be by the same individual. 

92 On fractions in earlier numerical traditions see the various useful chapters in Benoit et al ., eds., Histoire des 
fractions. On the “discovery” of decimal fractions by al-UqlldisI in 10 th -century Damascus, see Berggren, Episodes, 
pp. 36-39, and Djebbar, “Fractions au Maghreb”, pp. 225-230. See also Cajori, Mathematical Notations , I, pp. 309- 
314 (overview). 

93 Aballagh & Djebbar, “Decouverte”, especially pp. 149-150. 

94 Benoit et al ., eds., Histoire des fractions , p. 214. 

95 His treatise is translated in Suter, “Rechenbuch von al-Hassar”. On the author see also Sarton, IHS, 11:1, p. 
400, and on his translator ibid ., 11:2, p. 847-850. 

96 Article “Fibonacci” in DSB , especially pp. 604-606. The new English translation in Sigler, Fibonacci’s Liber 
Abaci , is based on the 1857-62 edition of Boncompagni rather than on any of the numerous manuscripts. 

97 See Djebbar, “Fractions au Maghreb”, and Aballagh, “Fractions chez Ibn al-Banna 3 ”. 

98 Cajori, Mathematical Notations, I, pp. 91-93 (Oresme); and Tropfke, Geschichte der Elementarmathematik, 
pp. 108-114 (general). 

99 Compare the use of monastic numeral ciphers on the 14 th -century Picard astrolabe #202 (see n. 39). The reason 
they were used for all numbers on the astrolabe was that the people for whom the astrolabe was intended, used or at 
least understood these ciphers. See King, The Ciphers of the Monks, p. 141. 

100 See Allard, “Fractions dans les premieres arithmetiques latines”, and Benoit, “Arithmetiques commerciales 
frangaises”. 
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influence in the form 101 We do find such fractions in China in the 17 th century, prompted, 
however, by linguistic considerations: y fen zhi x, “x of y parts”, for j. 102 Such considerations may 
be at work in the form \ on the astrolabe: the equivalent in English would be “(of) two parts one”. 
Linguistic considerations apart, the notation is arbitrary: we write | because we say “three fifths”; 
in a language in which people might say the equivalent of “fifths three”, they might prefer to write 
7 . Bar fractions caused some difficulty to the earliest printers in Europe, as we can see from the 
geographical tables in the Ulm, 1462 edition of Ptolemy’s Geography , where the denominator of 
unit fractions is printed in the same font as the other numbers and a minuscule - printed above 
with varying amounts of success . 103 And on one of the 16 th -century Louvain instruments mentioned 
above, namely #555 (unsigned and undated), the \ is actually engraved as 7 —see Fig. 11. 104 The 
use of an inverted fraction in the 16 th century defies explanation ! 105 We also note that regular bar 
fractions in which the numerator is greater than the denominator were known in the Middle Ages 
and are still in very occasional use today . 106 

In the future, it may be possible to locate other relevant historical sources in which fractions are 
inverted. In Spain even in the 15 th century, entries in some astronomical tables were written 
sexagesimally in Roman numerals , 107 although the Alfonsine Tables corpus used Hindu-Arabic 
numerals . 108 Arithmetic there in the late Middle Ages seems to have been dominated by the Latin 
tradition of al-Khwarizml , 109 in which the Hindu-Arabic forms are introduced but Roman numerals 
are used throughout the text. We shall thus have to look elsewhere for such attestations: financial 


101 See Levy, “Fractions en hebreu”. 

102 K. Chemla and C. Jami have drawn attention to a “similar” phenomenon in 17 th -century China: see Chemla, 
“Fractions en Chine”, especially pp. 190-191, and Jami, “Chinese and Western Arithmetics in the 17th Century”, 
pp. 360-361. 

103 Illustrated in Peignot & Adamoff, Chiffres , p. 67. Even here a medieval form of the ‘5’ is used. On the 
problems of printing fractions of the form — and the predilection of printers for fractions in the form m / n (using the 
“solidus ”, that is, the slash 7’) see Cajori, Mathematical Notations , I, pp. 312-314. 

104 See Nuremberg GNM1992-93 Exhibition Catalogue , p. 599 and fig. 1.82.7, with the remark “gerade solche 
Details konnten bei der Analyse anderer Arsenius-Astrolabien oder verwandter Instrumente weiterhelfen”, that is, 
“precisely such details (as this inverted fraction) could be useful for further analysis of Arsenius astrolabes and 
related instruments”! 

105 There is no trace of this phenomenon in the extracts from early printed works on arithmetic surveyed in 
Smith, Kara arithmetica. For bar fractions using Roman numerals in an early-16 th -century German arithmetic see 
ibid., pp. 105 and 106. 

106 Note the forms (n+p)/n or (2n+p)/n relating to music theory in a Mozarab manuscript of the Arithmetic of 
Boethius (d. ca. 525—see DSB), datable to the 10 th or early 11 th century—see Millas Vallicrosa, Assaig , pp. 91-92, 
also cited in Vera, MME , p. 80. 

In passing we note the following remark in Singmaster, “Mathematical Gazetteer of Britain”, p. 16: 

“Near Harrowgate station is a hairdresser’s named ‘Twenty Two over Seven’. The owner is a Polish refugee with 
a long name like Pychovski which was simplified to Pye (?). As a result he tried to name his business ‘IT, but the 
local council, telephone company, etc., couldn’t deal with a name using a Greek letter. He then tried to name it 
‘22/7’ but had the same problem, so he had to spell out the numbers. His shop window has ‘n’, ‘22/7’ and 
‘twenty two over seven’ all painted on it.” 

107 See Chabas & Roca, Lunari de Bernat de Granollachs , and Catedra & Samso, Astrologia de Enrique de 
Villen a. 

108 Illustrated in Cadiz-Algeciras 1995 Exhibition Catalogue , p. 266. 

109 See, most recently, Folkerts & Kunitzsch, “al-Khwarizml”. 
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Fig. 11: The fraction V 4 engraved as \ on the calendar scale of an unsigned astrolabe from 16 th -century Louvain 
(#555). [Photo by the author, courtesy of the Germanisches Nationalmuseum, Nuremberg.] 


accounts, 110 weights and measures, * * 111 tide-tables, 112 and the like. Preliminary investigations in 
these areas have borne no fruit. But it is clear that we are dealing here with a development 
independent of the Khwarizmi—Hassar / Ben Tibbon—Fibonacci traditions. 113 There were other 
short-lived independent traditions: one 14 th -century manuscript of unidentified provenance uses a 
convention in which three-fifths is written 3 5, etc." 4 To put it another way, there is no reason why 
a European in Central or Northern Spain in the 14 th century should have written the latitude of 
Jerusalem as 32 y rather than 32 y. Fibonacci would have written it as y 32 anyway. 115 


110 An equivalent to Benoit, “Arithmetiques commerciales frangaises”, for the Hindu-Arabic numerals in Spain 

would be useful. But see n. 113 below. 

111 See, for example, Kisch, Scales and Weights , a useful work but deficient on Spanish materials. I have not yet 
consulted Mateu y Llopis, Ponder ales monetarios. 

112 See Howse, “Early Tidal Diagrams”, where unusual numeral forms do occur. 

113 Other independent, mainly regional, developments in medieval Spain are noted in Labarta & Barcelo, Numeros 
y cifras , where there is, alas, no mention of inverted fractions. 

114 Enestrom, “Bezeichnung von Briichen”, citing MS Vatican Ottob. 399 of a medieval Latin treatise, undated 
but from before 1350. Enestrom concludes his note with the remark: 

“Vielleicht gab es im christlichen Mittelalter noch andere Weisen, die gewohnlichen Briiche zu bezeichnen, und 

fur die Geschichte der mathematischen Sprache ware jedenfalls eine nahere Untersuchung der Frage von Interesse.” 
This unusual variety of fraction is also mentioned in Cajori, Mathematical Notations , I, p. 311. 

“Leonardo read from right to left, as did the Arabs .... In the case of a mixed number, like 3 V 5 , Leonardo and the 

Arabs placed the integer to the right of the fraction.” 
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6 The Arabic engraving 

All of the principal Arabic inscriptions are in naskhl script, 116 which at first might be taken as 
clear evidence that their engraver was neither an Andalusl nor a Maghribi. Rather, they are what 
one would expect of a Syrian or Egyptian engraver. The use of regular naskhi script in the engraving 
of early Islamic astrolabes is rare; usually Kufic script or ornamental naskhl script was preferred. 
But already in the 13 th century, at least in Egypt, we find regular naskhi script used on an 
astronomical instrument—see #107, an astrolabic plate made by Hasan ibn ‘All in Cairo in 681 H 
[= 1282/83], 117 

Yet naskhl script was used in some Andalusl inscriptions in the 13 th -15 th centuries, in particular 
in a series of 14 th -century poetic inscriptions in the Alhambra in Granada. 118 Likewise, naskhl 
script is used on an ivory box from 14 th -century Spain, which was previously thought to have been 
Egyptian. 119 Nevertheless, no other astronomical instruments engraved in naskhl script are known 
from al-Andalus. 

The Arabic on the boss of the shackle, the rete and the back are all by the same person. One may 
note the distinctive form of the solitary ( i.e. initial or final unconnected) d (= dal), with a curved 
inward hook at the lower extremity. 120 This form is found, for example, on the boss, in the name 
Mas'lid; on the rete, in the star-name dab(a)ran; and on the back, in the name dvjvnbvr for December 
(where v is any vowel). It is a classical calligraphic form, 121 and is also found on the Alhambra 
inscriptions and the ivory box mentioned above. Also a small number of the letters in the Arabic 
inscriptions are repeated in miniature above the actual letter, like the d in the name al-asad on the 
ecliptic scale on the back and the k (= kaf) in al-malik on the boss of the shackle. This practice is 
unusual but it is not “wrong”. 122 The criss-cross decoration so prominent in the inscriptions on the 
back is also found in the inscription on the boss of the shackle, under the letters m-s- in the name 
Mas'ud. 

The forms of the month-names are entirely within the Western Islamic tradition. There is only 


116 On Arabic scripts see, for example, the article “Khatt” [= script] in EI 2 , Safadi, Islamic Calligraphy, and 
Schimmel, Calligraphy and Islamic Culture. 

117 It has been suggested that the maker was the Cairo astronomer of Maghribi origin, Abu ‘All al-Hasan ibn ‘All 
al-Marrakushl—see the article “al-Marrakushl” in EI r 

118 On the emergence of naskhi in Andalusl inscriptions in the 14 th century see Fernandez-Puertas, “Calligraphy 
in Al-Andalus”, pp. 663-665, and also pi. III.9, as well as the title-page of Gabrieli, ed., L ’Islam en Europe, for one 
of the inscriptions in the Alhambra, amply provided with sukuns and vowels. See also Welch, Muslim Calligraphy, 
p. 72, no. 17, for a 14 th - or 15 ,h -century terracotta font from Muslim Spain, also with decorative naskhi script in 
oblong cartouches. 

119 Featured in Venice 1993-94 Exhibition Catalogue, pp. 115-116 (no. 32). The inscription exhibits some curious 
orthographical features and is decorated with what look like sukuns all over the place. 

120 Arabic letters can have up to four different forms, depending on whether they stand alone or at the beginning, 
middle or end of a word. 

121 Schimmel, Calligraphy and Islamic Culture, p. 18. 

122 See Lings, Quranic Calligraphy and Illumination, pi. 28, on a Qur'an from late 13 ll '-century Baghdad in 
which most of the letters ‘ Qayn), s (sad) and t (ta) have a minuscule letter repeated below and the final k (kaf) 
above. Other examples are to be found ibid., pis. 41, 51 and 57. The purpose here seems to be to distinguish the 
letters from the three corresponding letters with a dot: gh (ghayn), h (had) and z (za). The repetition of the k is 
particularly common in Arabic calligraphy, to distinguish the letter from the final l (lam). This phenomenon is not 
to be confused with the use of small letters above words in the Quran as a guide to recitation, marking, for example, 
pauses. 
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one error, which is probably not significant: one dot has been omitted on they (= ya) in the word 
fabrayir, making it read fabrabir. 

The secondary Arabic inscriptions, the star-names scratched on the rete, are in a distinctive 
hand, quite different from that of Mas'ud. In particular, we note the downward stroke for the final 
d (= dal ) on asad (for Leo), rather like a final n (= nun) in written cursive Hebrew, and the forward 
(towards the right) sloping vertical stroke of t (= ta). This is a typical Andalusl or Maghribi 
phenomenon. 

An only partly successful attempt has been made to scrape off the Latin name of the star 90R 
S90RPI on the upper right of the circumferential frame of the rete. Presumably, the person who 
added the second layer of Arabic star-names did this and then gave up trying to remove the remaining 
inscriptions. On various early Islamic astrolabes, we can see similar attempts by Europeans to 
remove the Arabic inscriptions and replace them with Latin ones—for example, #110 123 and 
#1077. 124 On one medieval European astrolabe (#460), from the Fusoris workshop in Paris ca. 
1425, some of the inscriptions have been removed and replaced by Arabic ones in a Syrian or 
Egyptian hand, probably as late as the 19 th century. Alas, there are no changes to the calendrical 
scale on the back, which could have identified the location of these modifications more closely. 

7 The size of the astrolabe 

The diameter of this astrolabe is 133 mm, which may be characterised as average when compared 
with the diameters of the four medieval astrolabes from Catalonia and the one astrolabe with 
Judaeo-Arabic inscriptions: 


#3042, late 10 th century 

154 mm 

#162, ca. 1300 

100 

#416, ca. 1300 

147 

#3053, Barcelona, 1375 

109 

#3915, Judaeo-Arabic, ca. 1300 

185 


No other early medieval European astrolabes have diameter 133 ± 2 mm, except #291, an English 
piece dated 1326, which has 134 mm. 125 

8 The throne 

The arabesque decoration 126 of the throne is most unusual for Western Islamic astrolabes and 
early European astrolabes. It might be thought that this throne shows distinct Syrian influence. 127 
However, an Andalus! astrolabe made in 638 H [= 1240/41] (#154) has a throne that is almost 


123 See Gunther, Astrolabes, I, p. 244 (no. 110), and King, “Oldest European Astrolabe”, fig. 3. 

124 Maier, “Romanische Monatsnamen”, B, pp. 261-262. 

125 See Price et al.. Astrolabe Checklist, pp. 44 and 78. 

126 See the article “Arabesque” in El 

127 We may compare the thrones on #140, the universal astrolabe of Ibn al-Sarraj, made in Aleppo in 729 H [= 
1328/29] (XIVb-5), and #106, a universal plate made in Cairo (?, the calendar scale has the Coptic months) in 699 
H [= 1299/1300] by Ibrahim al-Dimashql. See also n. 209 below. This kind of arabesque decoration on thrones is 
exaggerated on #109, made by the Yemeni Sultan al-Ashraf in 1291: see XlVa. 
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identical, if less elegantly worked—see Fig. 12. 128 A simpler, but not dissimilar design, is also 
found on #4182, made in Fez in 719 H [= 1319/20] by a maker whose family, if not he himself, 
hailed from Cordova—see Fig. 13a. Thus it is not necessary to suppose any direct Syrian influence. 
The individual elements of the throne are found on other Andalusl pierced metalwork, as, for 
example, a spectacular lamp made in the royal workshops of the Nasrid court at Granada for the 
mosque of the Alhambra in 705 H [= 1305/06], now in the Museo Arqueologico Nacional in 
Madrid. 129 

The shackle is more European than Islamic, the closest being that on #416, from Catalonia ca. 
1300, on which the boss, however, is radially ribbed outside the circular central part. 130 

9 The basic form of the rete 

The design is mainly, if not fully, Islamic in conception. In other words, the quatrefoil decoration 
within the ecliptic, the form of the star-pointers, the small circle at the bottom of the rete, and the 
counter-changing of the horizontal diameter are Islamic. 

The three half-quatrefoils inside the ecliptic ring are not attested amongst the numerous varieties 
of quatrefoil decoration on European astrolabes, which might seem to imply some European 
input here. But the quatrefoil was a feature of the design of certain Byzantine and early Islamic 
astrolabe retes, and it is found on some early European retes. Certainly no Islamic retes are known 
with half-quatrefoils. Yet here the half-quatrefoil frames perform their original function as supports 
for star-pointers, whereas on later European retes the quatrefoils are more often merely decorative. 
This may be taken as additional evidence that even the quatrefoil design used here is entirely 
Islamic in conception. 131 For example, that the “Gothic” quatrefoil design on #162, a Catalan 
astrolabe from ca. 1300, is copied entirely from an Islamic rete, the design being partly Eastern 
Islamic (and therefore Byzantine in origin), namely, the quatrefoil, and the rectangular frame 
which it decorates being Western Islamic. 132 As confirmation of the latter, we may invoke #3915, 
the Maghribi or Andalus! astrolabe from ca. 1300 with inscriptions in Judaeo-Arabic: this has a 
slightly less elegant form of the rectangular frame and a degenerate quatrefoil. 133 In other words, 
the retes on both #162 and #3915 were copied from a rete on a Western Islamic astrolabe of which 
no examples survive. As proof of how little we know about the design of Western Islamic astrolabes 
between ca. 1100 and ca. 1300 we need only cite #154, made somewhere in al-Andalus in 638 H 
[= 1240/41], having two larger decorative quatrefoils on the rete—see Fig. 12. 134 


128 As stated in n. 15 above, this piece is misdated to 1747 in Gunther, Astrolabes, I, p. 300. The Hijra date is 
written kh-l-h, that is, 638. 

129 See Granada-New York 1992 Exhibition Catalogue, pp. 276-277 (no. 57). 

130 The shackle on #134, decorated with a lion’s head, is not necessarily original to this Andalusl astrolabe datable 
ca. 1220. Likewise, the shackle on #154, made in al-Andalus in 1240/41, on which the throne has the same form as 
that on the astrolabe under discussion, is different in design. On the other hand, the shackle on #162, from Catalonia 
ca. 1300, is rather similar. 

131 On quatrefoil decoration on astrolabes in general see King, The Ciphers of the Monks, pp. 380-390, and now 
XVII. 

132 King & Maier, “London Catalan Astrolabe”, pp. 679-683; and King, op. cit., pp. 382 and 387. 

133 King & Maier, op. cit., pp. 681; and King, op. cit., p. 382. 

134 Ibid., pp. 382 and 386. 
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Fig. 12: The distinctive rete and distinctive throne on an AndalusI astrolabe dated 638 H [= 1240/41] (#154). 
Note the two quatrefoils on the rete and the arabesque decoration that is so similar to that on the 14 th -century 
Spanish astrolabe. [Photo courtesy of the late Roderick Webster, Adler Planetarium, Chicago, Ill.] 
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Figs. 13a-b: The front and back of an astrolabe made in Fez in 719 H [= 1319/20] by Muhammad ibn Qasim 
al-Qurtubl (#4182). Neither the distinctive rete nor the throne bears any relationship to any other known Maghribi 
astrolabe. Since the maker or his family came from Cordova, we are dealing with a piece that reflects Andalusl 
influence. In fact, the basic design of the rete, with the upper equatorial frame and two circular frames, is the 
same as that on the astrolabe illustrated in the Libros del Saber (see Santa Cruz 1985 Exhibition Catalogue, 
p. 25, or Madrid MAN 1992 Exhibition Catalogue, p. 60), and the relationship needs to be investigated further. 
On the back there is a quatrefoil cartouche, not found on any other Islamic instrument and again probably 
indicative of Andalusl influence: see XVII-2. [Present location unknown, photos from the archives of the late 
Alain Brieux, courtesy of Dominique Brieux, Paris.] 


The half-quatrefoils on the short bars connecting the ecliptic ring to the outer frame on the 
astrolabe under discussion also merit further comment. The idea is Islamic, because we find a 
mihrab -shaped design in the same position on the 11 th -century Toledo astrolabe #117, and a similar 
“half-quatrefoir’-type design, albeit with a not quite rounded middle arc, on #4182, an astrolabe 
made in Fez in 719 H [= 1319/20] by an Arab Muslim whose family origins were in Cordova; this 
shows not a trace of European influence—see Fig. 13b. Similar bars are found on #162 from 
Catalonia ca. 1300, and a like decoration is found on the supports of the lower equatorial ring on 
#300, possibly of Northern French origin and also datable to ca. 1300—see Fig. 14. 

The counter-changes on the horizontal bar are shown here in an exaggerated schematic form: 
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Fig. 14: The front of an astrolabe (#300) with half-quatrefoil insets on the frames supporting the lower equatorial 
bar, and with star-pointers that bear some resemblance to those on the Spanish astrolabe under discussion (see 
3.11). See Fig. X-10.2a for the back of this instrument. [Courtesy of the Museum of the History of Science, 
Oxford.] 
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This arrangement is found on seven ll th -century AndalusI astrolabes (including #1099), 135 and 
some later, but still early European instruments (#428 from France; #191, a composite piece of 
uncertain origin(s), but with rete possibly reworked from an AndalusI one; and #558 of uncertain 
provenance). 

A small circle similar to the one at the bottom of this rete is found already on ll th -century 
AndalusI astrolabes (such as #116 and #123) and on some of the astrolabes of al-Khama’irl of 
Seville ca. 1220 (such as #130, #139 and #153), as well as on #4182, made in Fez ca. 1320—see 
Fig. 13a. On the AndalusI piece #154, dated 638 H [= 1240/41], this circle is replaced by a 
quatrefoil, which may have been the original design. Only on one other European astrolabe, #420, 
a very early piece of uncertain provenance (ca. 1200, if not earlier), does this small circle reappear. 
However, it also features on the astrolabe illustrated in the 13 th -century Libros del saber de 
astronomia of Alfonso X. 136 

The four “cardinally-aligned” handles in the form of silver knobs are situated near the extremities 
of the horizontal bar (the one on the left is missing), at the top of the rete, and above the small 
circular frame. The same arrangement is found on some 1 l th -century AndalusI astrolabes (such as 
#116, #123 and #2527) and various astrolabes of al-Khama’irl of Seville ca. 1220 (such as #130 
and #139). However, it is not found on any of the other early European astrolabes, possibly because 
many of them have radial rules attached to the front. 

10 Observations on the quatrefoil 

The quatrefoil, one of the most distinctive motifs of medieval European art and decorative 
architecture, is generally regarded as little more than that. It is true that quatrefoils are found, 
for example, on some early Anglo-Saxon artefacts; however, the origin of the quatrefoil as 
one of the principal motifs in late medieval Christian art is to be sought in Byzantine art, 
transmitted from Syria to al-Andalus. It is an important motif of AndalusI decorative art, albeit 
usually not independent of other designs (in other words, connected to other designs) and often 
developed beyond the simplest form. 137 A design including rounded quatrefoils, with rounded 
half-quatrefoils forming part of the surrounding frame, is found on a sockel of the Peinador 
Bajo in the Alhambra. 138 This is a rare use of half-quatrefoils, and corresponds precisely to 
their use on the rete of the astrolabe under discussion. 

Now, as already noted, the quatrefoil also featured as a motif on Byzantine astrolabes, and this 
motif was incorporated on some of the earliest astrolabes from the Islamic East. 139 Somehow, the 


135 For more details see King, “Oldest European Astrolabe”, pp. 367-369. The two earlier AndalusI astrolabes, 
#110 and #4024, have simpler (single) counter-changes, which is already a development beyond the straight bars on 
the earliest Eastern Islamic astrolabes. 

136 Reproduced in Santa Cruz 1985 Exhibition Catalogue, p. 25; and Cadiz-Algeciras 1995Exhibition Catalogue, 
p. 171. 

137 For decorative art in AndalusI architecture the best study is Pavon Maldonado, El arte hispanomusulman. On 
the quatrefoil and variations thereon see ibid., pp. 69-75, and figs. 98, 102, 104 (no. 23), and pis XLIIb and CLXII 
(Alcazar, Seville), CLXXIV (Casa de Pilatos, Seville), and CLXXXIV (Madlnat al-Zahra’). 

138 Ibid., fig. 98. 

139 See King, “Kuwait Astrolabes”, pp. 80 and 82-89, especially p. 85, on the quatrefoil on the rete of the magnificent 
astrolabe of the astronomer-mathematician al-Khujandl (#111), made in Baghdad in 984/85; idem & Maier, “London 



876 


PART XV 


same motif came to appear on some of the earliest astrolabes in Islamic Spain. The earliest known 
example is #154 from ca. 1240, with two fully developed quatrefoils, but this is alas the only 
example! It simply shows how little we know about this development. We have already noted the 
half-quatrefoils on the bars between the ecliptic and circumferential frame on #4182, made in Fez 
ca. 1320; a barbed quatrefoil is used to frame the inscription on the back of this piece—see Fig. 
13b. The quatrefoil motif was copied on a subgroup of early European astrolabes, notably #162 
and the astrolabe under discussion. The Europeans developed the quatrefoil as a decorative feature 
on astrolabe retes far more than the Muslims had done—see, for a spectacular example, #290, 
made in England ca. 1300. Also Jewish craftsmen used the quatrefoil, even cruciform quatrefoils, 
as decoration on astrolabes. 140 Even the pre-expulsion seals of the Jews in Christian Spain were 
often in the form of, or had decoration in the form of, quatrefoils. 141 We shall return in 3.26 to the 
quatrefoil decoration of the cartouches on the back of the astrolabe under discussion. See also 
XVII. 

11 The form of the star-pointers 

Identical star-pointers are not found on any known astrolabe, Andalusl or medieval European. 
Those that come closest are found on the Northern French (?) astrolabe #300 from ca. 1300 
(see Fig. 14), but they have larger holes, either single, double or triple, depending on the size 
of the pointer. 142 

12 The positions of the star-pointers 

The position of Regulus, which being on the ecliptic serves as an indicator of precession and 
hence the date, is at Leo 22°, corresponding to ca. 1425. But this is insufficient to date the 
piece. The remaining star-positions point to a date in the range 1300-1350. 143 A more detailed 
investigation should be conducted. 

13 The selection of stars 

There are some 21 star-pointers. Western Islamic astrolabes tend to have some 27, following 
a clearly-defined tradition associated with the astronomer Maslama al-Majrltl (Madrid, ca. 
1000). 144 The earliest known European astrolabe, #3042 from 10 th -century Catalonia, has 20 
unlabelled pointers, 145 and the astrolabe under discussion has 19 of these but is missing a 
Ophiuchi (often named alhawi on medieval European astrolabes) and has in addition 


Catalan Astrolabe”, pp. 680-682, on the quatrefoil on the Catalan piece #162; and idem, “Astronomical Instruments 
between East and West”, pp. 154 and 169, on some other examples. These instruments are also illustrated in King, 
The Ciphers of the Monks, pp. 384-390. The four papers listed as Tomba, “Astrolabi”, A-D, deal with various Italian 
astrolabes with quatrefoil decoration. See now XVII. 

140 King, “Astronomical Instruments between East and West”, pi. Via on p. 154. 

141 See Friedenberg, “Spanish Jewish Seals”, and the earlier publication by the same author, for various examples. 
Another is shown in New York JM 1992 Exhibition Catalogue, pp. 240-241 (no. 98). 

142 See Gunther, Astrolabes, II, pp. 477-478 (no. 300), and also G. Turner, “Carolingian Astrolabe”, fig. 5 before 
p. 431. 

143 Information kindly provided by Burkhard Stautz. 

144 Kunitzsch, Sternverzeichnisse, pp. 17-18 (Typ III); and idem & Dekker, “The Stars on the Carolingian 
Astrolabe”, pp. 656-658. On Maslama see the article “al-Madjntl” in EI r 

145 Kunitzsch & Dekker, “The Stars on Carolingian Astrolabe”, passim. 
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RIGORCA and ON9E. The Catalan astrolabe #162 from ca. 1300 has 20 stars, of which three 
are not found on this astrolabe. 146 A second star-table of al-Majritl contains precisely 21 stars 
but only 13 of these are found on this piece. 147 

It is not unusual that the selection of stars represented on medieval astrolabes does not correspond 
to the various textual traditions that have been discussed by Paul Kunitzsch, and there is a lot 
more research remaining to be done on the data from instruments. 148 

14 The Latin names of the stars 

The names of the stars on the rete are mainly Europeanised versions of the Arabic names, as 
was standard in the Middle Ages. 149 There are also several examples of Latin names, which 
we can associate with the introduction of the Latin translation of the Almagest of Ptolemy in 
al-Andalus in the 12 th century. 150 But there are also four examples of bastardised Latin names, 
as if dictated by someone who could not read them properly; this is most unusual, but not 
entirely without precedent. It is certainly not unusual that the names actually used on astrolabe 
retes do not correspond to the names known from textual sources. 151 

There are some 21 star-pointers, and the stars seem to have been taken—appropriately enough— 
from the catalogue associated with the celebrated translator Johannes Hispalensis (Toledo, mid 
12 th century), 152 that is, Paul Kunitzsch’s “Typ IV”. 153 At least, all of the stars but one in Pegasus 
are found in his catalogue. 154 In this, the Latin names of 29 stars are presented, and Kunitzsch has 
suggested that the star-names may have been translated from those on an Andalusl astrolabe. 155 

The following table presents the original “Latin” names of the stars, with their numbers in Paul 
Kunitzsch’s lists of astrolabe-stars, 156 the Arabic additions (in two layers), the Arabic or Latin 
forms from which these are derived, the number in Kunitzsch’s “Typ IV”, as well as the identification 
of the star and its modern designation. 157 1 do not give the Latin names in the single 13 th -century 


146 King & Maier, “London Catalan Astrolabe”, pp. 676-677 and 684-685. 

147 Kunitzsch, Sternverzeichnisse, pp. 15-18. 

148 See the problems discussed already in King & Maier, “London Catalan Astrolabe”, pp. 684-685. 

149 On these see the numerous publications of Paul Kunitzsch. The forms found on astrolabes have not yet been 
subjected to serious study, but at least are documented in the forthcoming Frankfurt catalogue (n. 13 above). On the 
star-names on this piece see already King, “Star-Names on European Astrolabes”, pp. 308-316. 

150 On Ptolemy see the article in DSB. For editions of the Arabic and Latin versions of his star catalogue see 
Kunitzsch, Sternkatalog des Almagest. See also Kunitzsch, Sternverzeichnisse, pp. 16-17, for a 12 ,h -century list in 
which selected stars are already labelled in Latin. 

151 One needs only to compare the names found on any medieval astrolabe with those presented in the index to 
Kunitzsch, Sternverzeichnisse. 

152 See Sarton, IHS, 11:1, pp. 169-172. 

153 Kunitzsch, Sternverzeichnisse, pp. 31-33. 

154 1 refer to e Pegasi, and there is also seems to be a problem with a and p Pegasi. 

155 Ibid., p. 31. 

On the 27 astrolabe stars in the tradition associated with Maslama al-Majritl (Madrid, ca. 1000) see n. 144 above. 
The star-tables associated with Ibn al-Zarqalluh—see Kunitzsch, “Two Star Tables from Muslim Spain”—do not 
have the enigmatic star ka‘b al-faras in Pegasus. 

156 The first number relates to the list in Kunitzsch, “Astrolabe Stars”, pp. 158-161, representing the main Islamic 
tradition associated with the 10 ,h -century Shiraz astronomer al-Sufi (on whom see the article in DSB), and the 
second to the list in idem, Arabische Sternnamen in Europa, pp. 59-96, where their subsequent fate in the Latin 
European textual tradition is documented. 

157 For an overview of the origins of modern star-names see Kunitzsch & Smart, Star-Names. 
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32/59 9AUD:90ARI -r-w (??) L cauda capricorni Algedi 8 Capricorni 

(error for CAUD(A) CAPRI) 

- / - 9ABI - A kab a(l-faras) - K Pegasi 

18/63 0MER9I mankib faras L (h)umerus equi Scheat a Pegasi 

35/4 D(E)N(E)P 9AIT0S: d(hanab) A dhanab qaytus Deneb Kaitos l Ceti 
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Vienna manuscript used by Kunitzsch in his edition of the table of “Typ IV”. There is a 14 th - 
century copy in Oxford in which the Arabic equivalents are given alongside the Latin names, 158 
but none of these lists casts any light on the problems associated with the names on our rete, 
which do not correspond to those in Kunitzsch’s “Typ IV” anyway. 

Some comments on the more unusual names are in order. (See already the remarks in 3.3 on 
vernacular influences.) Firstly, some forms derived from the Arabic: 

♦♦♦ PANTA (no. 1) from batn, “belly (of the whale)”. This form is found already in a 10 th /11 th - 
century Latin source, as well as in a 13 th -century copy of the astrolabe treatise of Pseudo- 
Messahalla, parts of which are translated from a treatise by the Andalusl astronomer 
Maslama al-Majrlti. 159 

♦♦♦ D(E)N(E)P / D(A)N(A)P (no. 21) from dhanab, “tail (of the whale)”. The more usual 
form is DENEB. 160 

❖ 90MIZA (no. 6) from (al-)ghumaysa , which means something like “the one with eyes 
impaired by weeping” (compared with Sirius). This form is not attested in the manuscript 
tradition, which tends to prefer (AL)GOMEI/YZ/SA. 161 #162 has ALGOMIC. 

❖ ON9E (no. 13), a very vernacular derivation from c unq or c unuq (al-hayya), “neck (of the 
serpent)”, is not known to be attested elsewhere. The early modem (17 th -century) forms 
are UNUK or UNK, usually followed by ALHAY or variants thereof, which are closer to 
the Arabic. 162 The fin a l E of ON9E is probably a re mn ant of the Arabic article al-. 

❖ UEGA (no. 15) from (al-)waqf, “falling (eagle)”. This corresponds to WEGA in some 
textual sources. 163 

❖ RADF (no. 16) from (al-)ridf, “the person riding on a horse behind the main rider”, is not 
known either from the textual tradition or from any known medieval astrolabe. The more 
common names are RIDF and REDF, corresponding more closely to the Arabic, 164 and 
#162 has ALREDAF. 

❖ 9ABI (no. 19), pronounced KABI, appears to be derived from the Arabic kab al-faras, 
“the ankle of the horse (Pegasus)”, K Pegasi. This star is not otherwise known from European 
astrolabes or star-lists. Indeed it is not a standard astrolabe-star, although it does appear on 
some of the astrolabes of the prolific Muhammad ibn Fattuh al-KhamaTrl of Seville ca. 
1225. 165 

Then some forms based on Latin: 

❖ 9AUD: 90ARI (no. 18) is an error for CAUD(A) CAPRI(CORNI), with COARI apparently 
from ACOARI (from Aquarii), 166 rather than from CAPRI. The colon is used as a separator 


158 A photo is to be found in Gunther, Early Science in Oxford, II, p. 205. 

159 See Kunitzsch, Arabische Sternnamen, p. 67, no. 8. 

160 Ibid., p. 66, no. 4. 

161 Ibid., pp. 73-74, no. 25. 

162 Ibid., p. 217, no. 196. For some reason this star is not listed by Kunitzsch as an astrolabe-star. 

163 Ibid., p. 81, no. 53. 

164 Ibid., p. 82, no. 56. 

165 For example, on #130—see Gunther, Astrolabes, I, pp. 276-277 (no. 130), and Kunitzsch, Sternverzeichnisse, 
p. 31, n. 2. On al-Khama’iri see Mayer, Islamic Astrolabists, pp. 64-66. 

166 Aquarius does not, of course, have a tail (cauda), though see Burnett, Studies, XVII, p. 120, where he is given 
a cadacauda in a 12 th -century source. 
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(also at the end of no. 21); it was not uncommon for abbreviations such as HU: EQUI (for 
HUMERUS EQUI—see below) to be used for star-names engraved in restricted space on 
astrolabe retes. 

❖ OMER9I (no. 20), pronounced OMERQ(U)I / OMERKI, seems to derive from OMER 
(E)QUI, a vernacular form of the Latin humerus equi, “the shoulder of the horse”, a 
Pegasi. 

Finally, one very remarkable name that seems to be based on a mixture of Arabic and Latin: 

❖ RIGORCA (no. 8), pronounced RIGORSA or RIGORQA, may be from RIG(EL) ORSA(E), 
a combination of Arabic and vernacular Latin (“correctly”, rijl ursae ), |i Ursae maioris. 167 
The proper Arabic form would be rijl al-dubb, “the (back) leg of the Bear”. The precise 
Latin equivalent is not specifically stated in the Latin translation of Ptolemy’s star- 
catalogue, 168 and medieval European astrolabists seem to have had some problems with 
the star. 169 

15 The Arabic names of the stars 

With regard to the four Arabic star-names added by Mas c ud, we note the following: 

❖ dabran (no. 3) with a sukun or zero-vowel on the r (= raj, clearly intended for the b (baj; 
the standard name is (al-)dabardn™ This form dabran is Spanish Arabic, for there the 
second vowel of two successive internal short syllables can be suppressed. 171 The usual 
medieval European forms are ALDEBARAN/M, although the astrolabe under discussion 
has DBRAN, perhaps for D(A/E)BRAN, perhaps for D(A/E)B(A)RAN, and ALDEBRAN 
is attested in Geoffrey Chaucer’s treatise on the astrolabe and on one 14 th -century English 
astrolabe (#457). 172 

❖ ghumaysa (no. 6), correctly ghumaysa, from which the Latin form is derived, is the Western 
Islamic name, the star being called al-shira al-sludcimiya in the Islamic East. 173 The form 
ghumaysa is probably to be regarded as a Spanish Arabic simplification of the classical 
form. 

♦♦♦ al-hayya (no. 13), with a sukun on the / (= lam), which is correct but superfluous, and a 
shadda on they (= yaj, which is appropriate, is abbreviated from juuiq al-hayya. 114 


167 Ibid., pp. 74-75, no. 28. 

168 See Kunitzsch, Sternkatalog des Almagest, II, p. 38, no. 21. 

169 It is not amongst Paul Kunitzsch’s list of astrolabe stars (Arabische Sternnamen in Europa, pp. 59-96), but is 
listed as pes ursi (sic) in one medieval star-table (idem, Sternverzeichnisse, p. 32, no. 13). See also Chicago AP 
Catalogue, I, p. 159, where it is not to be found in the list of all stars featured on the astrolabes in the collection. On 
this star see now Kunitzsch, “Three Dubious Stars”, pp. 68-69. 

170 Kunitzsch, Sternnomenklatur der Araber, p. 51, no. 69. 

171 Article “al-Andalus, x: Spanish Arabic” in El, by G. S. Colin, especially p. 502b. I did not find any examples 
of this phenomenon in Corriente, Spanish Arabic, but words of the form CaCaCan are not common. On the other 
hand Corriente (ibid., p. 64) notes that in an open syllable followed by a closed one the second vowel is stressed. In 
passing we note the form Culeyman f or Sulayman (ibid., p. 65). 

172 Kunitzsch, Arabische Sternnamen in Europa, p. 47 and p. 70, no. 18. 

173 Idem, Sternnomenklatur der Araber, p. 112, no. 290a. 

174 See n. 162 above. 
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❖ al-tdyir (no. 17), with a y (=ya ) rather than a carrier for a hamza , an acceptable Middle 
Arabic form of al-tair. 115 

Note that the stars have been selected because each one is in a different quadrant of the heavens, 
so that at night, in theory, at least one is always visible. Another astrolabe (#169), from Italy ca. 
1300, has only four stars on its rete, one each quadrant: see XIIId-2.4. 

In the case of the second layer of Arabic star names, scratched near their “Latin” equivalents, 
the hand is totally different from that of Mas c ud. It seems inconceivable anyway that he would 
have made these messy additions to his own astrolabe. Thus it seems reasonable to postulate a 
second Arabic hand. 

These additional names are given in the Table. Several are difficult to see and not a few difficult 
to read. No equivalent name has been given for 9ABI (no. 19), doubtless because this was not a 
standard astrolabe-star and the Latin name seemed so strange; one name (no. 11), scratched around 
the hole at the base of the star-pointer, is illegible; and another (no. 18: t-r-w ) makes no sense. 

16 The astronomical markings on the three original plates 

The latitudes on the three plates that belong together (hereafter PI-P3) serve Jerusalem and Reims 
(see 3.8) as lower and upper limits. The remaining latitudes span the range 40°-45°, bounded by 
Toledo in the south and Vienne (or maybe Lyon) in the north. These latitudes can act as a guide to 
the provenance of the instrument. 176 We may be confident that the astrolabe was made either in 
Central or Northern Spain or Southern France, favouring the former possibility. See further 3.19. 


175 Ibid., p. 86, no. 194a. 

176 See n. 36 above. For comparison we note the latitudes on three medieval Catalan pieces (see further King, 
“Oldest European Astrolabe”, pp. 372-376, and King & Maier, “London Catalan Astrolabe”, pp. 677 and 690-695) 
as well as the unique astrolabe with Judaeo-Arabic inscriptions (see London Khalili Collection Catalogue , II, pp. 
214-217, no. 124): 

First, #3042 has astrolabic markings for latitudes 36°, 39°, 41;30°, 45° and 47;30°. Only the third latitude is 
associated with any locality, namely, “ROMA ET FRANCIA”, which refers to Rome and Catalonia, the latter where 
the instrument appears to have been made. What the maker had in mind for the other latitudes we can only speculate, 
and it is difficult to know whether a Graeco-Roman tradition or the Islamic tradition is more relevant: 36°—[Rhodes 
/ “Africa” / 4th climate]; 39°—[Sicily / Naples / boundary between 4th and 5th climates]; 45°—[Vienne / Po Valley 
/ 4th climate]; 47;30°—uncertain, one possibility is Heraclea Pontica on the Black Sea. See further King, “Geography 
of Astrolabes”, pp. 11-12, now in XVI-5. 

Second, #162 has plates for latitudes 32;30°, 38;30°, 39;40°, 41° and 42°, with no place-names. These might 
serve Jerusalem, Cordova, Valencia, Barcelona/Rome (?), and Pamplona/Gerona (?). This piece was probably made 
in Valencia. 

Third, #416 has plates for 31°—Damietta, 32°—Jerusalem, 33°—“Africa”, i.e ., the Maghrib, 34°—Tripoli, 
35°—Ceuta, 38°—Sicily, 39°—Valencia, 40°—Segovia, 41°—Barcelona, 42°—Pamplona, 43°—Macedonia, 44°— 
Genoa, 45°—Milan, 46°—no locality specified. This piece was made in Catalonia, therefore only Valencia and 
Barcelona come into consideration. 

Fourth, #3915, the astrolabe with inscriptions in Judaeo-Arabic, has plates for: 29°—Sijilmasa, 30°—Cairo, 
31°—Marrakesh, 32°—Jerusalem, 37°—Tunis, 37° (?)—Seville, and 38°—Cordova. This information is more of 
academic than practical interest because the markings on the plates do not correspond to these latitudes. It is not 
clear whether the instrument was made in al-Andalus or the Maghrib. 

The dangers of trying to identify which locations astrolabe-makers had in mind, when we know only the latitudes 
they used for their plates, are well illustrated by the French quatrefoil astrolabe #546. Here the localities are mentioned 
and not a few are surprising: 32°—Jerusalem; 36° “Affrica” [= Tunisia]; 42°—Rome; 45°—Montpellier; 47°— 
“CATVR” (unidentified, perhaps Tours); 48°—Paris; 53°—no location specified. On the French quatrefoil astrolabe 
#3058 the remaining original plates serve: 37°—Carthage; 38°—Tunis; 41°—Armenia; 42°—Rome; 45°—Cremona; 
and 49°—Paris. There is a replacement plate for 52°—London and 53°—Lincoln. 
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The lightly-engraved initial horizons for 45° on the plates for latitudes 32V 2 ° and 43° suggest 
that the maker started working on them and changed his mind about which latitude he really 
wanted the plates to serve. 177 

There are occasional problems with the markings, namely: 

32 V 2 ° circle for the winter solstice; 

40° azimuth circle at 10° to the left of the upper meridian; one azimuth circle extended too far 
towards zenith; 

42° circle for the winter solstice; uppermost altitude circle; altitude circle for 66°; 

43° uppermost altitude circle; 

45° circle for the equinoxes has been engraved double; uppermost altitude circle; 

49 7 0 right-hand side of the prime vertical, that is, the azimuth circle passing through the east- 
and west-points. 

These may be compared with the markings on P4 where a different maker has become unstuck— 
see 3.21. In addition, however, on these three plates the construction of the azimuth curves is non¬ 
standard—see 3.17. 

On PI and P2 there is a small hole at the intersection of the meridian with the circle for 
the winter solstice. This is not uncommon on medieval astrolabe plates. 178 On P3 the hole is 
at the right hand intersection of the horizontal diameter and the winter solstice circle for 43° 
and the left-hand intersection for 49 V 2 °, almost as if the engraver made the hole, then went 
ahead with the rest of the markings forgetting about the hole. There is no such hole on P4. 

17 The construction of the azimuth circles on the three original plates 

On each of P1-P3 there are two rows of eight equi-spaced construction marks between the 
intersections of the circle for the equinoxes with (1) the meridian below the horizon and (2) either 
side of the horizontal diameter. The azimuth circles, when produced below the horizon, pass 
through these points. This indicates that the points were used for the construction of the azimuth 
circles (which also all pass through the zenith). The centre of the prime vertical, visible on the 
meridian below the horizon, is then determined, and the centres of the other azimuth circles, also 
visible, would have been determined as the points on the perpendicular to the meridian through 
this point that are equidistant from the zenith and the appropriate point on the construction lines. 
Such a procedure is not only approximate and not much simpler than the rather cumbersome 
standard method (as used by Mas'ud on P4), it is also wrong. Although the azimuth circles are not 
noticeably differently placed with regard to the horizon, on either side of the meridian above (i.e., 
to the south of) the zenith, they are wildly divergent from reality. 

Now this procedure is unknown to the modern literature, and no medieval texts describing it are 


177 This calls to mind a North Italian astrolabe dated 1420 (#4523) on which all the plates are for latitude 45°, 
serving the Po Valley but also the middle of the 6th climate, even though they are labelled for a series of different 
latitudes. See further Stautz, “Ein Astrolab aus dem Jahr 1420”. 

See Nuremberg GNM 1992-93 Exhibition Catalogue, II, pp. 589-592 (no. 1.77), especially fig. 1.77.3, for a 
horizon for ca. 49° on astrolabic markings for ca. 46;30° on a German instrument dated 1468 (#550). 

178 Documentation of this phenomenon would be difficult. The purpose of the holes is unclear. 
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currently known either. 179 It is, however, clearly related to a procedure outlined in a 13 th (?)-century 
manuscript of an anonymous Spanish Latin treatise on the construction of the astrolabe. 180 No 
other medieval astrolabes are known to bear such construction marks, but since the procedure was 
hitherto unrecorded, no such markings have ever been sought on astrolabe plates. 181 

Note added after completion of this version : In May, 2004,1 saw an early-18 th -century Maghribi 
astrolabe (#4300) that had a series of plates for various latitudes, including the distinctive 33;40° 
for [Fez], as well as 21° for Mecca and 25° for Medina. 182 A set of longitudes of localities between 
Fez and the Holy Cities is engraved on the mater. One of these localities is Constantine, on the 
Algerian littoral, which explains the curious “41 41” engraved on one of the plates: this is clearly 
Constantinople with latitude 41°, and the maker has made a mistake. More to the point, whilst all 
of the other plates are constructed normally, this particular one has azimuth circles constructed in 
the same way as the plates on the Spanish astrolabe. 

Furthermore, on each of the original plates on the Spanish astrolabe there is a set of points on 
what appears to be part of an altitude curve at about 30° below the horizon on the left-hand side of 
the meridian (most clearly visible on the plate for 43°). The purpose of these markings has not 
been established. 183 

18 The plates for Jerusalem and Reims 

The inclusion of Jerusalem, common on medieval European astrolabes, may have been pro forma, 
imitating the presence of Mecca on Islamic astrolabes. If the maker was a Christian, there may 
have been in his mind the eventuality that the instrument might be used by a pilgrim or by a 
crusader. 184 And if he was a Jew, even one converted to Christianity, a plate for Jerusalem would 
have been doubly appropriate. Such a plate is found on the Judaeo-Arabic astrolabe #3915, but 
not on the later Jewish astrolabes (#158, #159 and #3906)—see 3.20. In addition we note that 
32;30° for Jerusalem is not an Islamic value, 185 but it is found on the Catalan astrolabe #162. 186 


179 Various procedures, all exact, are described in Berggren, “Construction of Azimuth Circles”, and, most recently, 
Lorch, ’’Rudolf of Bruges on the Astrolabe”, pp. 90-91. See also Michel, Traite, pp. 53-56, and Hartner, “Astrolabe”, 
A, pp. 296-298. 

180 Edited in Millas Vallicrosa, Traducciones orientales, pp. 318-319 (I owe this reference to Frangois Charette). 
On the problematic attribution assumed by Millas, see Kunitzsch, “Astrolabe Treatise Ascribed to Messahalla”, p. 
49, especially n. 35. The procedure and this text should be investigated further. 

181 In the same way it was a surprise to find that the shadow squares on two 14 lh -century Northern French 
astrolabes (#198 and #202) were constructed by an approximate procedure. There the procedure is likewise incorrect 
and the divergence even more obvious. See further King, The Ciphers of the Monks, pp. 416-417. 

182 Described and illustrated in Christie’s London 30.06.2004 Catalogue, pp. 26-27 (lot 149). See also the text to 
n. 58 in XVI. 

183 They are not related to the unusual circles for twilight that are found, for example, on the 14 ,h -century Picard 
piece #202. On each of the plates of that piece we find an altitude circle below the horizon which is tangential to the 
equinoctial circle, and whilst the approximation to the conditions of dawn and nightfall is reasonable for the latitude 
of, say, Paris, for lower latitudes the error is considerable. See further King, The Ciphers of the Monks, pp. 412-414 
and 416. 

184 On the earliest European astrolabe we find Rome rather than Jerusalem, but not necessarily because Rome 
was important to the maker, but rather possibly because the instrument seems to bear traces of a Roman tradition of 
astrolabe-making. See n. 207 below. 

185 Kennedy & Kennedy, Islamic Geographical Coordinates, pp. 160-161. 

186 See n. 176 above and also King & Maier, “London Catalan Astrolabe”, p. 692. 
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One possible implication is that some Crusader took the trouble to measure the latitude of Jerusalem, 
although his value 32;30° is less accurate than the standard Islamic values 31;50° and 32°0 (the 
correct value is 31 °47')- Another is that this was a compromise between two Islamic values, 32;0° 
and 33;0°. 

The inclusion of a plate for 49;30°, too high for Paris, 187 is surprising but can be explained. 
Various values were used for Paris in the Middle Ages, and they all lie between 48° to 49°. 188 On 
the other hand Reims is given latitude at 49;20° in a 15 th -century English geographical table (the 
correct value is 49° 15')- 189 In earlier sources it is given a latitude far too low, but is identified as 
sedes regis francorum, “the seat of the king of the French”, 190 and that is why it is featured here. 
More specifically, however, in 1234 Count Thibaud IV of Champagne had become king of Navarre, 
and in 1284 Countess Jeanne of Champagne and Navarre married Philippe le Bel, so that there 
were strong ties between Navarre and Reims. 191 This is, alas, not sufficient evidence to assume an 
origin for the astrolabe in Navarre, although Jewish craftsmen were active in such centres as 
Pamplona and Tudela. If the astrolabe was made there it might have ended up in the hands of the 
mudejar Mas'ud further south. 

19 The other localities served by the original plates 

It was usual for medieval astrolabe-makers to prepare plates for a span of latitudes on either side 
of the latitude of their own location. 192 Occasionally they did later historians the favour of marking 
the name of that locality, but alas that is not the case here. The three plates serve latitudes: 

32V 2 42 

40 45 

43 49V 2 

In the light of these three plates alone the latitudes 42° and 43° could be considered the most 
reliable pointers to the provenance: in some medieval geographical tables both values are associated 
with Narbonne (and nowhere else), 193 but this city is too far north and not where one would expect 
to find an Arab engraver. But 42° might also have been intended for Barcelona (as on #416), 
although it is too high and linguistic considerations speak against a Catalan provenance for our 


187 In A. J. Turner, “Astrolabe exceptionel” / “Exceptional Astrolabe”, it is assumed this plate is for Paris, adducing 
#190, an astrolabic plate supposedly for latitude 49;30°, in support of this. However, the latitude engraved on that 
plate is 48;50° not 49;30°. 

188 North, Horoscopes and History, p. 194. Where we find 49°, as on the 14 ,h -century French astrolabe #3058, 
and on the 15 lh -century French additions to the 14 th -century Italian astrolabe #548, it is most probably rounded from 
48;50°, or from another common value, 48;48°. The former is given by Jean Fusoris ca. 1400 in his treatise on the 
construction of the astrolabe—see Poulle, Fusoris, p. 100. 

189 Ibid. 

190 Reims, identified only as sedes regis francorum, is at 45;50° in two ^-century sources, the Toledan Tables 
and the Marseilles Tables (Ptolemy had 45;30°)—see Kennedy & Kennedy, Islamic Geographical Coordinates, p. 
285. 

191 See Paris GP 1998 Exhibition Catalogue on the fates and fortunes of Philippe and his sons. 

192 AndalusI astrolabes do not accord with this rule, not least because to the north lay regions inaccessible and 
undesirable to their Muslim makers. Thus, for example. #1099, made in Saragossa in the late 11 th century, has 11 
sets of markings for latitudes between those of Mecca and Saragossa, but nothing beyond. 

193 North, Horoscopes and History, p. 193. 
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piece. It could also have been intended for Saragossa, whose latitude was taken as 41;30° (as on 
#1099, actually made in Saragossa, #117, #118, etc) or 42° (as on #110, #3650, #2572, etc), or 
even 43;30° (as on #116). The composite European astrolabe #191 has 41° for Saragossa. In that 
city, as well as in Toledo (see below), there were Jewish metal-workers in the Middle Ages. 194 
Burgos is another possibility for latitude 42°. A solitary 1 l th -century plate in an Andalus! astrolabe 
dated 63 8 H [= 1240/41 ] (#154) has 40° for Toledo and 42° for Burgos; no other Islamic astrolabes 
have markings for Burgos. 195 In a 15 th -century Spanish gazetteer the latitude of Burgos is given as 
43;4°. l% Another possible choice for latitude 43° would be Pamplona, capital of Navarre, although 
on the medieval Catalan astrolabe #416 it is put at latitude 42°. 197 

Now the fourth plate is not original and it may be that an original fourth plate bore markings 
for, say, 38;30° (for Cordova, in Christian hands since 1236 and often featured on early European 
astrolabes, e.g. #162) and 44° (if only for the sake of completeness). This would fit nicely into the 
arithmetical organization of the latitudes on the plates, thus: 

32V 2 42 

[38V 2 44] 

40 45 

43 49V 2 

In this case, latitude 40° would come into consideration as a pointer to provenance, which would 
most likely be Toledo. This has the advantage that it was the main centre of Jewish activity in 
metalwork in the whole of Spain. 198 The parameter 40° was the only serious latitude for Toledo in 
Islamic geographical tables, 199 possibly rounded from the value 39;52° (accurate to the minute) 
found aleady on some 1 l th -century Andalusl astrolabes, 200 and in the 15 th century the value 39;53° 
or 39;59° is given in a Christian Spanish source. 201 Another possibility for the original fourth plate 
would have been the latitudes 37;30° (for Seville, recaptured by the Christians in 1248) and 38;30° 
(for Cordova); this again would point to a slightly higher latitude for the provenance, say, 40° for 
Toledo. If the hypothetical original plate had borne markings for, say, 36° (Almeria) and 38;30° 
(Cordova), both standard on medieval Western Islamic astrolabes, Mas c ud might have resisted the 
temptation to engrave a new plate. 


194 See n. 9 above. 

195 In Chicago AP Catalogue, I, pp. x-xi, the astrolabe itself is stated—presumably citing a one-line description 
from the 1920s—to be from Toledo. 

196 Catedra & Samso, Astrologia de Enrique de Villena, p. 94. 

197 See n. 176 above. 

198 See nn. 9 and 194 above. 

199 See Kennedy & Kennedy, Islamic Geographical Coordinates, pp. 357-358; 

200 In King, “Geography of Astrolabes”, pp. 16-17,1 claimed that 39;52° was one of the values attributed in the 
13 lh -century Libros del saber de astronomia to the Andalusl astronomer Ibn al-Zarqalluh in 1067. This turns out to 
be nonsense: see the preliminary remarks to XVI. 

201 Millas Vallicrosa, “Astrologia de Enrique de Villena”, p. 416: “40 menos 7 min.”, and Catedra & Samso, 
Astrologia de Enrique de Villena, p. 94: “40 menos un minuto”. 
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20 The Hebrew inscriptions on the three original plates 

The latitudes of the six sides of the three original plates are scratched in Hebrew alphanumerical 
notation at the bottom rim of each side. They are expressed sexagesimally (in degrees and minutes) 
because in Greek, Arabic and Hebrew this kind of notation alone is used for sexagesimal numbers 
and fractions. 202 

The positioning of these scratches seems to indicate that they were added in the course of 
construction. 203 In other words, one of the persons involved in the construction was a Jew. 

The number of astrolabes with original inscriptions in Hebrew characters is few indeed. The 
earliest one is that with inscriptions in Judaeo-Arabic (#3915), dating from ca. 1300. Then there 
are three astrolabes with inscriptions in Hebrew, clearly from the same milieu, probably Italian, 
possibly Bologna, 204 and apparently dating from ca. 1400: #158 (London), #159 (Chicago), #3906 
(Paris, private collection). The back of another astrolabe #621 (Munich) may come from the same 
tradition. Finally, there are Hebrew additions to two 1 l th -century Andalusl astrolabes: 

♦> #2572 (a replacement rete with Hebrew inscriptions), and 

❖ #116 (additions to the solar and calendar scales as well as the plates for Toledo and Cordova); 
to an Italian astrolabe from ca. 1300: 

❖ #4509 (Hebrew names of the signs and the months); 
and to a 14 th -century English astrolabe: 

❖ #293 (owner’s mark in Hebrew on the throne and Hebrew abbreviations for zodiacal signs 
and month-names on the back). 

21 The fourth plate 

P4 is slightly thicker than each of P1-P3 (see 2.10 and 2.12). Although the markings “look” as if 
they are by the same maker, not least because the divisions are the same and the azimuth circles 
do not extend beyond altitude 78°, we note first that: 

(1) P4 has no markings in Hebrew, such as are found on PI-3. 

(2) P4 has no small hole at the intersection of the meridian with the circle for the winter 
solstice, such as are found on PI and P2, and in a different position, on P3. 

In addition, there are various differences in the construction marks, notably: 

(3) The maker of P4 marked a short incision at some of the points where the altitude circles 
cut the meridian; these marks are lacking on PI-3. 

(4) On both sides of P4, the centres of the azimuth circles are clearly visible on a horizontal 
line below the horizon; on PI-3 there are traces of a different, approximate construction, 
although the centres of the azimuth circles are also present—see 3.17. 


202 On Hebrew alphanumerical notation, see the references in n. 49 above. On sexagesimal notation in general 
see, for example, Berggren, Episodes, pp. 39-48. 

203 Several astrolabes have interpretations of or corrections to the latitudes indicated just below the inscriptions 
mentioning the latitudes—see, for example, King, “Astronomical Instruments between East and West”, p. 153, fig. 
Vc. The custom of marking batch numbers near the pegs on plates was followed by Georg Hartmann in Nuremberg 
in the early 16 th century—see, for example, Nuremberg GNM1992-93 Catalogue, II, pp. 593, 594c and 596a. 

204 The only clue to provenance on the four astrolabes is that one of the plates on #159, albeit a poorly-made 
piece lacking the quality of the others, bears the name Bologna (and also Paris) in Hebrew—see Chicago AP 
Catalogue, I, pp. 58-60 (no. 7). The three pieces are discussed together in Goldstein, “Hebrew Astrolabe”, but a 
more detailed comparative study would be worthwhile. On the dating see ibid., pp. 156-157. 
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(5) On PI-3, below the horizon, there are short lines to mark the divisions on the circles 
corresponding to the equinoxes and solstices, as an aid in the construction of the curves 
for the seasonal hours; these are lacking on P4. 

(6) On P4 there are several azimuth curves which are slightly too long or slightly too short at 
the horizon; this is not the case on PI-3. 

(7) On P4 two of the hour-curves on the side for Mecca are duplicated; there are no such 
problems with any of the hour-curves on PI-3. 

In general, the markings on P4 are slightly less carefully executed than those on PI-3, but, as 
noted in 3.21, the latter are not without occasional problems. On P4 there are also problems with 
the curve for the zuhr on the side for Algiers, which has been duplicated along most of its length. 

A metal analysis could provide definitive proof whether the fourth plate came from the same 
workshop as the other three. The visual evidence suggests that at least the raw plate did. 

See 4.5 on the latitudes used by Mas'ud for Mecca and Algiers. 

22 The times of Muslim prayer on the plates for Algiers, Mecca and Jerusalem 

Markings for the times of Muslim prayer are standard on Andalusi and Maghribi astrolabe plates: 
see Figs. IV-7.3 and X-4.5.1, The times of the prayers shortly after midday and mid-afternoon 
prayers (zuhr and c asr) are defined by shadow-lengths and they are marked by special curves 
amidst those for the seasonal hours. In order to draw them one needs only to know the times of the 
prayers at the equinoxes and solstices, mark these on the corresponding base-circles and construct 
the arc of a circle through the three points. The times of the night-time prayers are at nightfall and 
daybreak, defined when the sun has a certain angle of depression below the horizon, usually taken 
as 18° by Andalusi astronomers. The altitude circle for -18° can be drawn, but it is easier to mark 
the altitude circle for +18° in a special way and to use the point opposite to the sun on the ecliptic 
ring. In the case of the astrolabe under discussion, as on most Andalusi astrolabe plates, the latter 
procedure has been adopted. 

On the plate for Algiers, there are thus two curves serving the daylight prayers and there are 
fish-bone markings on the altitude circle for 18° between the solstices. None of these markings is 
labelled. 

On the plate that serves the latitude of Mecca, only the altitude circle for 18° is marked, and 
there are no curves for the daylight prayers. Furthermore, it should be noted that not a single 
known European astrolabe has astronomical markings specifically stated to be for the latitude of 
Mecca, even though some such instruments have extensive ranges of latitudes from the equator to 
the northernmost inhabited regions. 205 

On the plate serving the latitude of Jerusalem, the altitude circle for 18° has been marked in a 
similar way, but not necessarily by the same hand. There are no additional markings for Muslim 
prayer-times on any of the other original plates. If Mas'ud was indeed active in Toledo or Saragossa, 
one might have expected him to have added markings on the appropriate plate. 


205 The I4 th -century French (?) piece #2041 does have a plate for latitude 22°, but no localities are mentioned on 
any of the plates, which serve 10 latitudes between 22° and 48°. 
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We have noted that there are no labels on any of these prayer-curves, even though it was standard 
practice in Andalus! and Maghribi astrolabe-making to label such curves. Are we here witnesses 
to yet another attempt to dissimulate and not to draw attention to Mas'ud’s religion? See further 

4.4. 

23 The scales on the back 

The presence of a calendar and solar scale on the back is precisely what we should expect on a 
medieval European astrolabe. 206 This tradition was adopted from earlier Western Islamic astrolabes, 
on which such scales appear already in the 10 th century, if not before. And that earlier tradition 
seems to be inspired by a Roman tradition, if the evidence provided by the 10 th -century Catalonian 
astrolabe (#3042) has been correctly interpreted. 207 

Yet there was also an Eastern Islamic tradition of such scales. First, the great scientist al-Birunl 
(Central Asia, early 11 th century) mentions an astrolabe bearing the names of the Byzantine 
months. 208 And second, a few astrolabes from 12 th - and 13 th -century Syria, Egypt and the Yemen 
have such scales, either for the Syrian months (for example, #103, #140 and #4029) or for the 
Coptic months (for example, #106). 209 

Since the front of the astrolabe under discussion is to all intents and purposes European in 
execution if not in style, we may assume that the scales on the back were originally intended to be 
engraved with the appropriate Latin forms of the names of the zodiacal signs and months. Mas'ud 
engraved the Western Islamic forms of the European month-names. These were used by the Arabs 
in al-Andalus in the 14 th century alongside the Muslim months; often dates are given in both 
calendars. 210 

24 The dates of the equinoxes and solstices 

The dates of the equinoxes and solstices, namely: 

III 13V 3 VI 15 3 / 4 IX 16*4 XII 14'4 

correspond, at least for the equinoxes, to ca. 1200, but this should not be taken too seriously for 
the purpose of dating the astrolabe. 211 For comparison, we note that: 

a) the Catalan astrolabe #3042 of supposedly ca. 975 has the vernal equinox at III 15; 

b) an early Spanish or French astrolabe #161 (present location unknown) also has III 15; 

c) an early medieval astrolabe of uncertain provenance #420 has III 14; 

d) the Catalan astrolabe #162 of supposedly ca. 1300 has III 12; 

e) the other Catalan astrolabe #416 of the same supposed date has III 11.5; and 


206 Thus, when there is no such scale on a medieval European astrolabe, we may suspect that we are dealing with 
a copy of an Islamic instrument: see XIIId-6 on #169. 

207 King, “Oldest European Astrolabe”, pp. 384-385. The first paragraph on p. 384 should have been preceded by 
the words “Added in Proof”. 

208 On al-Birunl see the article in DSB. For the quote see King, “Oldest European Astrolabe”, p. 376, n. 39. 

209 See n. 127 above. 

210 For some examples see van Koningsveld, “Arabic Manuscripts from Christian Spain”, A, pp. 85-87. 

211 This dating is based on a computer-generated table of dates of the equinoxes and solstices for each 100 years 
from 0 to 2000 prepared by Dr. Benno van Dalen, Frankfurt. In A. J. Turner, “Astrolabe exceptionel” / “Exceptional 
Astrolabe”, the vernal equinox is associated with the second quarter of the 14 th century. On the problems associated 
with this kind of dating see the studies cited in n. 37 above. 
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f) the astrolabe of Petrus Raimundus #3053 dated Barcelona, 1375 has III 12. 

Only the last of these instruments is actually dated, and the dates assumed for the others may be in 
error by as much as ±50 years. 

25 The use of silver 

Silver is used for the buttons at the base of star-pointers as well as the handles on the retes on 
several 1 l th -century Andalusl astrolabes, as well as on the unique astrolabe with Judaeo-Arabic 
inscriptions. In the holes on the star-pointers here there is no trace of silver, thus the holes are 
purely decorative. 

Only one medieval European astrolabe has any inlaid silver or any kind of cartouches for 
inscriptions. This is #213, a piece of uncertain date and provenance: on the back of this, illustrations 
of the zodiacal signs are inlaid in silver. Unfortunately, however, the location of this piece is 
unknown and no photos of the back are known to exist. 212 Also, no known astrolabe from the 
Islamic West has inlaid silver cartouches, or indeed any kind of cartouches, for the inscriptions, 213 
other than #4182, made in Fez in 719 H [= 1319/20], where the signature on the back is enframed 
in a barbed quatrefoil (see Fig. 13b). Another piece, #4217, made in Granada in 886 H [= 1481/ 
82], has silver inlay, this in decorative single-leaf-forms on the front of the throne (in addition to 
the silver knobs on the rete and silver buttons on the star-pointers). 213a A substantial number of 
surviving astrolabes from Ayyubid and Mamluk Egypt and more especially Syria are inlaid with 
silver, in fact, some eight out of a total of thirteen known pieces from Egypt or Syria during the 
period 1150-1300. 214 A spectacular example is #137, an astrolabe by al-Sahl al-Nlsaburi, made in 
Syria between 1180 and 1280 (see XIVb-2). Here the circus-figures decorating the rete are inlaid 
with silver, and the star-names are engraved on the silver. Two more are the splendid instruments 
of c Abd al-Karim al-Misrl, made ca. 1230 probably in Damascus, the first complete (#104), the 
latter with replacement rete (#103) (see XIVd-2); on these the thrones and some of the inscriptions 
are inlaid in silver. Finally, one Mamluk Egyptian astrolabe with inscriptions in Arabic and Coptic 
(#4036) has all the inscriptions on the rete, the mater, the back and the plates inlaid in silver (see 
Figs. 18 and XIIIc-3.2). 215 There are numerous examples of Mamluk metalwork which reflect the 
skill and enthusiasm of Egyptian and Syrian craftsmen in inlaying silver and gold in brass: one of 
the most magnificent is the basin known as the “Baptistere de Saint Louis” in the Musee du 
Louvre, from the second half of the 13 th century. 216 If we were to suppose that Mas c ud was an 


212 An illustration of the front is in Culver, “Early European Instruments”, p. 34. See also Gunther, Astrolabes, II, 
pp. 361-362 (no. 213); Gunther’s dating to the end of the 16 th century is much too late. 

213 Cartouches are common on later Islamic astrolabes from Safavid Iran (17 th and early-18 ,h century), particularly 
for arguments on scales and place-names in geographical gazetteers. 

213a On this piece, only recently studied for the first time, see Mendoza Eguaras, “Astrolabio de Granada”, and 
Madrid MAN 1992 Exhibition Catalogue, p. 227 (no. 44). 

214 An astrolabe with silver inlay is mentioned as belonging to a barber in one of the 1001 Nights. Here the 
account is surely inspired by a Syro-Egyptian astrolabe (the entire corpus of tales is Syro-Egyptian in origin, although 
the location of the alleged events is Baghdad). The text is extremely corrupt yet can be partially restored to reveal 
the astrological implications of an observation that was reportedly made. For two studies of this text see Vernet, “La 
conjuncion del barbero”, and Maddison, “The Barber’s Astrolabe”. 

215 On this piece, see n. 251 below. 

216 See Mayer, Islamic Metalworkers, pp. 74-75, and, most recently, Behrens-Abouseif, “Baptistere de Saint 
Louis”. 
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Egyptian or Syrian, then it could be possible either that he commissioned the silver cartouches 
and showed his predecessor how to inlay them, or that he actually collaborated with that person in 
preparing them for his own use. On the other hand, as we shall see, it seems more likely that the 
silver inlays derive from an Andalus! tradition, not least by virtue of their shape. 

The question why anyone would want to highlight with silver inlay the names of the signs of the 
zodiac and the solar months is another matter. Perhaps we are witness to some interest in the 
astrological significance of the zodiacal signs, which is richly reflected in a subset of inlaid Islamic 
brassware. 217 This having been said, it should be noted that on the richly-decorated astrolabes of 
c Abd al-Karlm al-Misrl mentioned above, the names of the signs and months are not inlaid. 
Furthermore, only rarely do medieval European astrolabes bear astrological information on the 
scales on the back. 218 And alas #231, the only European astrolabe with artistic representations of 
the zodiacal signs in inlaid silver on the back is unavailable to us. 

It is easier to understand, for example, why the curves for the times of Muslim prayer (and no 
other features) are inlaid in silver on the plates of #109, made by the Yemeni Sultan al-Ashraf in 
690 H [= 1291] (see XlVa): the times of prayer are the most important times during the Islamic 
day. Likewise, the curves displaying the altitude of the qibla or local direction of Mecca at Herat 
and Samarqand (and no other features) are inlaid in silver on the plates of #3595, an astrolabe 
made in 830 H [= 1426/27] for the astronomer-prince Ulugh Beg (XIVd-1). 219 The Prince was 
wont to oscillate between these two main cities of his realm, and in whichever he was, he could 
use his astrolabe to determine the sacred direction. 

26 The shape of the cartouches 

The cartouches are essentially rectangular (albeit with the longer sides as circular arcs to fit 
within the boundaries of the scales) with simple half-quatrefoil decoration at each end: 


217 See most recently New York MMA 1997 Exhibition Catalogue, and another example in Paris IMA 1995 
Exhibition Catalogue, p. 457 (no. 370). 

218 See Glasemann, “Zwei mittelalterliche franzosische Astrolabien”, pp. 221-222 and 230, dealing with the 
astrological properties of the lunar mansions. This article explains the markings on #549, an unsigned astrolabe of 
the Vienna school dated 1457—see Nuremberg GNM1992-93 Exhibition Catalogue, II, p. 583. 

219 See also the text to n. 252 below. 

220 Some examples: 

❖ A bronze jug made by Shir c All ibn Muhammad Dimashqi in 872 H [= 1467/68]—see Mayer, Islamic 
Metalworkers, p. 83 and pi. XIV 

❖ A steel sabre from Ottoman Turkey, datable ca. 1540—see Welch, Muslim Calligraphy, pp. 94-95 (no. 30). 

❖ Two undated signed Eastern Islamic copper vessels—see Mayer, Islamic Metalworkers, pp. 47 and 80, pis. 
VII and XII. 

❖ A jewelled silver Qur’an cover from Kasimov in Central Russia dated 1002 H [= 1593/94]—see Kuwait 
Hermitage 1990 Exhibition Catalogue, pp. 35 and 128-129 (no. 109). 

❖ Some late-16 ,h -century Iranian bath-pails, hawking drums, torch-stands and pouring vessels—see Melikian- 
Chirvani, Iranian Metalwork, pp. 306-311, Geneva MAH 1985 Exhibition Catalogue, p. 287, and Copenhagen 
DS Catalogue, p. 351. 

❖ A copper wine-bowl from early-17 ,h -century Isfahan by an Armenian craftsman—see Welch, Muslim 
Calligraphy, pp. 142-143 (no. 57). 
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Cartouches of this kind are not uncommon on late Islamic metalwork from Syria eastwards, 220 as 
well as in Qur'an illumination from 15 th - and 16 th -century Turkey and Iran, 221 but they are also 
found on various Nasrid and mudejar objects. 222 Indeed, essentially rectangular cartouches are a 
rather prominent feature of Nasrid and mudejar decorative art. 223 

The reader should be aware that we are dealing with an extremely simple design, when viewed 
in the light of the almost unlimited sophistication and variety of AndalusI decorative art. 224 However, 
one should be careful in assigning a particular design of this simplicity to any regional school. As 
a warning, one might cite the presence of cartouches precisely like those on this astrolabe, with a 
quatrefoil attached at the extremity, in the decoration of the Mosque of Ibn Tulun in Cairo, built 
during the period 876-79. 225 

As noted already in 2.5 and 2.16, the sides of the cartouches coincide with the corresponding 
sections of the circles defining the solar and calendrical scales. The marks of hammering on the 
inside of the mater confirm that the cartouches did not cover any original inscriptions. And they 
correspond to medieval techniques of preparing the surface to enable the brass to better receive 
the molten silver. 226 

27 The decoration around the names of the zodiacal signs in the outer cartouches 

Above the names of the zodiacal signs on the back various Arabic letters and vowel-signs have 
been inserted; some examples are shown in Figs. 9a-b. One might have expected some symbols 
denoting, say, the astrological lords of the various signs, 227 but the presence of these markings can 


♦♦♦ An “Elijah chair” (date uncertain) for circumcision ceremonies, in a synagogue in Qasr Shirln in Iranian 
Kurdistan—see Sepharad, p. 76. 

Most Iranian cartouches are pointed at the ends, as can be seen from a perusal of Melikian-Chirvani’s splendid 
book, Iranian Metalwork. See also n. 118 above on a terracotta font from 14 th - or 15 th -century Muslim Spain with 
oblong cartouches, also with pointed extremities. 

221 For two examples see Lings, Quranic Calligraphy and Illumination , pis. 88 (15 th century Turkey), and 90 
(16 th -century Iran). 

222 Notably, five pieces with cartouches of this kind, sometimes separated by quatrefoils: 

❖ A silk pillow cover of Sancho IV, late 13 th century—see Granada-New York 1992 Exhibition Catalogue , p. 
112, fig. 8. 

❖ Fragments of a silk textile from Nasrid Granada—see Ars Hispaniae, IV, p. 199, fig. 214. 

♦♦♦ A glazed and painted terracotta tile designed as a textile, from Granada, datable ca. 1410—see Ars Hispaniae, 
IV, p. 185, fig. 191, and more especially Granada-New York 1992 Exhibition Catalogue , pp. 360-361 (no. 
113). 

❖ Some mudejar plaster decoration on the Alcazar in Seville, 1362—see Ars Hispaniae , IV, p. 371, figs. 426- 
427. 

❖ Some mudejar decoration on the interior walls of the Iglesia de Santa Justa y Rufina in Maluenda (Zaragoza)— 
see ibid., IV, p. 274, fig. 297. 

See also the more developed red oblong cartouches on a silk textile fragment from the 14 th century featured in 
Granada-New York 1992 Exhibition Catalogue , p. 335 (no. 97). 

223 A good example is the richly-decorated Nasrid sword and scabbard in the Bibliotheque Nationale de France, 
datable to the late 15 th century. See ibid., pp. 284-286 (no. 61), although the five oblong cartouches with ends 
shaped < and > are actually on the side other than the one illustrated there, and they are better seen in Paris BN 1981 
Exhibition Catalogue, no. 6: “epee de Boabdil”. 

224 See n. 137 above. 

225 Pavon Maldonado, El arte hispanomusulman, p. 114 and 117, design no. 90. 

226 On these see Ward, Islamic Metalwork, p. 35-37, with illustrations. 

227 See Hartner, “Astrolabe”, B, pp. 2547-2548 (pp. 304-305 of the reprint). 
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partly be explained. We repeat the data, reminding the reader that 0 denotes a sukun or zero- 
vowel sign, * denotes a shadda, the sign denoting a doubled consonant, and 3 represents the weak 
guttural hamza. (The last may be a vaguely degenerate floral design, like a barbed fishhook. 228 ) 
Furthermore the vowels a , i and u are written in the inscriptions as a (= alif), y (= ya), and w (= 
waw). 

al-hamal: 0 —0— u al-thawr. u — a or 0 (squashed) 

al-jawza: 0 (altered) al-saratan : no marks 

al-asad: 0 —-z (= zay)—d (= dal) al-sunbula : 3 — a — i 

al-mizan : h (= ha) or j (= jim) —0 al- c aqrab: 0 —0 

al-qaws: 0—a al-jady : a 

al-dalw : a —* al-hut : 3 —a 

Thus by al-h-m-l for Aries we find what could be taken as one or two sukuns (zero vowel signs, 0) 
and a hamma (u- vowel). It is doubtful whether the engraver thought these would help the 
pronunciation. Correctly the word would be written in full al0-hamalu, so that the word does 
have one sukun and one hamma (this latter would normally be suppressed in pause, as in an 
inscription), but not where the engraver put them. This kind of interpretation is confirmed by the 
alif (for an a-vowel) and a shadda (for a doubled consonant) after al-dalw for Aquarius. Correctly, 
the word would be written al-d*alw in pause, pronounced ad-dalw, so that a shadda and an a- 
vowel are appropriate, again if not where he put them. Similar arguments could be made for the 
two sukuns on al- c aqrab (from al0- c aq0rab), the sukun and the a-vowel on al-qaws (from al0- 
qaw0s), and the a-vowel on al-jady. But this explanation does not hold for all of the signs, and it 
seems that Mas c ud has simply used some of the various symbols as decoration. One implication 
of the above correspondences is that Mas'ud copied these from some heavily vowelled original 
(see below) and used the vowels somewhat indiscriminately. In addition, he also used criss-cross 
designs and simple flourishes to fill the remaining void spaces (see 3.29). 

The d (= dal) above the final letter of al-asad is an acceptable Arabic usage. 229 But the z (= zay) 
above the s (= sin) in al-asad was perhaps intended to show that the word was to be pronounced 
al-azad or al-agad. (Note the problems that non-Arabs have with the single sin, so that, for example, 
the Arabic Hasan becomes Hassan and the Syrian al-Asad becomes El-Assad.) Early European 
attempts to render qalb al-asad, “the heart of Leo”, included: Calbalazeda, Galbalaceda, 
Calbalaceda, Calbalaze, Calbalazed and Kalb eleced; 230 some of these surely reflect Spanish 
usage. More difficult to account for is the h (= ha) or j (=jim) above the z (= zay) in al-mizan. The 
letter has no dot so could be read as h, but it is given in the initial form, which is usually used, with 
or without a dot, for j in the abjad notation. 231 The j seems more probable, but a linguistic explanation 
of its presence is not apparent. 


228 Some examples are shown in Granada-New York 1992 Exhibition Catalogue, p. 337, on a late-14 th -century 
Nasrid pluvial. 

229 See n. 122 above. 

230 Kunitzsch, Arabische Sternnamen, p. 76 (no. 30). 

231 Irani, “Arabic Numeral Forms”, pp. 5-6 (pp. 714-715 of the reprint). 
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An alternative possibility, namely, that we might find here some coded message or magic formula, 
seems unlikely. 232 All that we have in the way of letters are 3 ( hamza ), zay, dal and jim, and even 
when combined with any set of vowels, or interpreted as a set, 233 even with a mystical 
interpretation, 234 or read as numbers (1, 7, 4 and 3), 235 these do not seem to have any connection 
with codes or letter-magic or numerology. 236 

28 The names of the months and the decoration of the inner cartouches 

In the month-names, vowels that could theoretically stand for a, i or u or even a zero vowel are 
represented by v in the following rendering: 

yvnayvr—fvbrafyjvr (with one dot on the y instead of two)— marvs — 
vbrll — mayu—yunvyu (the -h ending indicates a short -u or -uh )— 
yulvyu (as for the previous month)— vghvsht — shvtvnbvr — 
vktubvr — nuvnbvr—dvjvnbvr 
These are most probably intended as: 237 

yanayir—fabrayir — mars — abrll — mayu—yunyu — 
yulyu — agh usht — skutanbar — uktubar — nuwanbar—dujanbar 
The form mayu is unusual; usually in Andalusl sources, both texts and astrolabes, we find 
mayu(h). 23% It seems that Spanish (or Portuguese, but not Catalan) influence is to be seen here. 239 

There are various mainly redundant but nevertheless correctly-placed su kilns on these names. 
Of particular interest are the various shaddas (*), namely, on the s (= sin ) of tnrs, the t (= ta ) of 
shtnbr, the k (= kaf) of 3 ktubr , and the w of nwnbr. It was a custom in Spanish Arabic to represent 
various European letters by the closest Arabic letter with a shadda attached. 240 Thus, for example, 
c was written as j*, h by /?*, and p by b* or J*. It may be that the shaddas used here were intended 
to denote that the month-names should be pronounced marss (why is not at all clear), shattanbar 
(< shaptanbarl although pt —¥ t is attested in Spanish Latin 241 ), and nuvambar. The shadda in 


232 On Arabic letter-magic and cryptography and see the articles “Huruf, ‘Ilm al-” and “Mu'amma” in EL,. The 
standard work on Islamic magic is Fahd, Divination arabe, to which must now be added the splendid contribution of 
Emilie Savage-Smith to London Khalili Collection Catalogue. 

233 If one had a set of the seven letters jim, zay, kaf, sad, qaf tha, and ghayn, one might be dealing with the 
Maghribi variant of the letters corresponding to the element water ( EI 2 , III, p. 595b, also Schimmel, Calligraphy 
and Islamic Culture, pp. 92-93), and could come to the not unrealistic conclusion that Mas'ud intended to flee Spain 
by boat. 

234 Thus in 9 lh - and 10 ,h -century IsmaTll mysticism, alif stands for the Divine Order, jim for the Soul, dal for 
Nature, zay for the Heavenly Spheres, etc:, see Schimmel, Calligraphy and Islamic Culture, p. 93. 

235 Ignoring the hamza{ s), we note that the date 743 H, which corresponds to a year in the mid-14 th century, close 
to the time when this astrolabe was made, would be written with the letters for 700, 40 and 3, not 7, 4 and 3. 

236 On the I4 lh -century Syrian box mentioned in n. 268 below there is an inscription which defied interpretation 
by its publisher but which simply reads buduh, a well-attested talisman on which see the article “Buduh” in El,, 
Supplement. 

237 The vowelling is not secure. See, for example, Corriente, Dictionary of Andalusi Arabic, p. 174, where for 
December we find dujunbur, dujunbir, dujanbir, and dujunbar, some, if not all of which, result from the “feel ” of 
the editors of the sources used by Corriente. 

238 Ibid., p. 492, and Maier, “Romanische Monatsnamen”, B, p. 256. 

239 Merlo, Nomi romanzi dei mesi, p. 129. 

240 Article “al-Andalus. x: Spanish Arabic” in EI V by G. S. Colin, especially p. 502a, and Colin, “Charte hispano- 
arabe”, p. 377, n. 2. 

241 Castro, Glosarios latino-espaholes, p. xliii. 
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Fig. 15: The back of the astrolabe made in Cordova in 420 H [= 1029/30] by Muhammad ibn al-Saffar (#116). 
The Arabic engraving on the solar and calendar scales is complete with sukuns and vowels, and the Hebrew 
names of the signs and the months have been added to the Arabic ones. [Photo courtesy of the Deutsche 
Staatsbibliothek, Berlin.] 
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3 k*tubr makes less sense, unless—and this seems most unlikely—it is misplaced and it is supposed 
to denote that the initial alif be pronounced as a short o. 

As with the decoration of the outer cartouches, it may be that the signs were inspired by similar 
markings on an earlier Andalusl astrolabe, such as one of the pieces of Muhammad ibn al-Saffar. 
Now it so happens that two astrolabes made in Toledo by the same maker, Muhammad ibn al- 
Saffar, the first #3650, dated 417 H [= 1026/27] and the second #116 made three years later, 242 
present some of the very features that might have inspired Mas c ud. The engraving on these pieces 
is distinctive and loaded with mainly redundant sukuns and occasional vowels—see Fig. 15. 243 At 
least the first of these pieces was probably still in Toledo in the 14 th century, as attested by the 
Hebrew name for Toledo on the appropriate plate (and also Cordova on another). One has perhaps 
to imagine another piece by the same maker, in the same distinctive and perverse Andalusl Kufic, 
extremely difficult to read, 244 on which there were also a few vowel signs as well. 

29 The endless knots on the cartouches 

The criss-cross patterns like frames for a “noughts and crosses” game on the silver cartouches, 
and also near the end of the inscription on the shackle, are incomplete renderings of endless 
knots. 245 Three complete forms are found in the cartouches for al-hamal (Aries) and al-jady 



Fig. 16: Endless knots on a 13 th -century silk fragment from the Kingdom of Granada. Note also the use of 
ornamental naskhl script and the superfluous sukuns at the beginning and end of the inscription al-baraka li- 
\llah , “Blessing is from God”. [Courtesy of the Instituto de Valencia de Don Juan, Madrid, inv. no. 2093.] 


242 See n. 22 above. Mayer, Islamic Astrolabists , pi. II, shows the back, unencumbered by an alidade. 

243 See already Maier, “Romanische Monatsnamen”, B, p. 60, where it is noted that the sukuns are “teilweise 
redundant verwendef’, that is, “partly used redundantly”. 

244 Thus Woepcke misread the name of the maker as “ibn al-Saal” (that is, ibn al-Sal), an error repeated in 
Goldstein & Saliba, “Hispano-Arabic-Hebrew Astrolabe”, p. 19, n. 2. On #116 the name certainly looks like al-Sal, 
but the medial / (= fa) has been engraved like a sukun above the horizontal line between the a (= sad) and the long 
a (= alif). On #3650 the name al-Saffar is clear. See also King, “Three Sundials from al-Andalus”, p. 360, n. 10, on 
the problems of reading the name al-Saffar in Andalusl Kufic on a marble sundial from ca. 1000. 

245 The term “endless” is to be somewhat loosely interpreted, and I use it to include interwoven endless loops or 
superposed folded strands. The only transcultural account I have found is, inevitably, Baltru-aitis, Le Moyen Age 
fantastique, pp. 92-95. 
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Fig. 17: Decoration with endless knots on a diagram of sacred geography in the 16 th -century Tunisian nautical 
atlas of c All al-Sharafl al-Safaqusl. [From MS Paris BNF ar. 2278, courtesy of the Bibliotheque nationale de 
France.] 
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Figs. 18a-b: A knot as decoration on the rete of an astrolabe with Arabic inscriptions but numbers in Coptic 
(#4036) made in Cairo in 681 H [= 1282/83]. The knot is not independent; rather, it forms part of a larger pattern. 
[Courtesy of the Turkish and Islamic Archaeological Museum, Istanbul.] 



Fig. 19: A decorative knot on the rete of an astrolabe by 
Mahmud ibn Jalal (al-Kirmanl) dated 833 H [= 1429/30] 
(#4320). [Courtesy of Sotheby’s, London.] 



898 


PART XV 


(Capricorn), and dujanbar (December)—see Figs. 9a-b. These endless knots, admittedly here 
sometimes fudged at the ends, were used as incidental decoration in Islamic art, 246 especially in 
Hispano-Mauresque art, most notably in Aragon. 247 They are also apparently known from Islamic 
magic. 248 We find similar but more complex knots, for example, on a 13 th -century silk fragment 
from Granada (Fig. 16), 249 and in an illustration of Islamic sacred geography—the world divided 
into sectors centred on the Ka c ba—in a 16 th -century Tunisian navigational atlas (Fig. 17). 250 As 
decoration on an astrolabe, only three examples of knots come to mind, namely: 

(1) on the rete of an astrolabe with Arabic inscriptions but numbers in Coptic (#4036) made 
by Hasan ibn c Umar al-Naqqash in Cairo in 681 H [= 1282/83] (see Figs. 18a-b and 
XIIIc-3.2); 251 

(2) on the rete of the astrolabe (#3595) made for Ulugh Beg by Jalal al-Kirmanl, the astrolabist 
at the Samarqand observatory, in 830 H [= 1426/27] (see Figs. XIVd-1.1 and 1.3a); 252 and 


246 Such designs are known from Iranian, and also Syrian and Egyptian, decorative art. Some examples: 

❖ an inkwell in brass with silver inlay, 12 th century— Kuwait 1990 Hermitage Exhibition Catalogue , pp. 54-55 
(no. 29); 

❖ a bronze vase inlaid with silver, 12 th - or early- 13 th -century Khurasan—Welch, Muslim Calligraphy , pp. 110- 
111 (no. 39); 

❖ four mortars, Khurasan, between late 12 th and 14 th century— London NG Catalogue , II, pp. 312-313 (nos. 
194-196) and 316-317 (nos. 199-201). 

For endless knots in the decoration of a Hebrew manuscript from Toledo, ca. 1300, see Sed-Rajna, “Ateliers de 
manuscrits hebreux”, fig. 3 on p. 348. For examples of endless knots tied into Arabic and Hebrew script see, for 
example, Fanci, Simboliche arabiche , III, pis. XXIX, XFIII, LVII, FIX and FI (Arabic, the last with the name of 
Allah developed into a knot) and XFIV (Hebrew). 

247 In addition to the two Western Islamic sources mentioned below (nn. 249-250), see other examples in Pavon 
Maldonado, El arte hispanomusulman , pp. 62-63 and 96 (general), and pp. 94, 100, 102, 106, 107, 109 and 384. In 
particular we note: 

❖ a design similar to the ones on the astrolabe in the Claustro de San Juan de Castrojeriz near Burgos (ibid., p. 
94); 

and various “endless” knots from mudejar architecture in Aragon, namely: 

❖ one from the Aljaferia in Saragossa (ibid., fig. 104, no. 18); 

❖ two from the Catheral of Teruel (ibid., pi. 12 opposite p. 384). 

More complicated patterns are to be found, for example, in: 

❖ two 12 th -century Almoravid QuCdm dated— Granada-New York 1992 Exhibition Catalogue , pp. 304-306 
(nos. 75-76); 

❖ a brass basin inlaid with gold and silver, dated 1252/53, Syria (?)— Washington FGA 1986Exhibition Catalogue, 
p. 19, fig. 9; and 

❖ a brass pierced globe inlaid with silver and black, Syria or Egypt, mid 14 th century— ibid., pp. 171-172 (no. 
23). 

Yet more complicated patterns of all are to be found on European work inspired by Hispano-Mauresque art, for 
example: 

♦♦♦ a majolica plate made in Siena ca. 1525— Berlin MGB 1989 Exhibition Catalogue, pp. 613-614 (no. 4/121); 
and 

❖ a bronze plate with inlaid silver made in Venice ca. 1545—see ibid., pp. 203 and 603-604 (no. 4/100). 

248 Yet they are not mentioned, for example, in Kriss & Kriss-Heinrich, Volksglaube im Islam. 

249 See Granada-New York 1992 Exhibition Catalogue, p. Ill, fig. 7 (also n. 272 below). 

250 On Islamic sacred geography see my EI 2 article “Makka. iv. As centre of the world” (repr. in King, Studies, C- 
X), especially fig. 7, also VIIa-2. On the navigational atlas of Ahmad al-Sharafl al-Safaqusl see Nallino, 
“Mappamondo di ash-Sharafl”, and a study, now well advanced, by Monica Herrera Casais (Frankfurt and Fa 
Faguna). 

251 #4036: Istanbul, Turkish and Islamic Archaeological Museum, inv. no. 2970—unpublished, though see XIIIc- 
8.2. See also the text to n. 215 above. 

252 See the text to n. 219 above. For illustrations of the rete see already Copenhagen DS Catalogue, p. 214, and 
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(3) on the rete of the newly-rediscovered astrolabe (#4307) by Jalal’s son, Mahmud, dated 833 
H [= 1429/30] (see Fig. 19). 253 

The inspiration for the AndalusI tradition was most probably the highly elaborate knots in 10 th - 
and 1 l th -century Visigothic manuscript illumination. 254 

30 The Spanish Arabic inscriptions reviewed 

Mas'ud has left us a unique document attesting to his vernacular Arabic. The star-names dabran 
< dabaran, ghumaysa < ghumayscf and tayir < tair\ the month-name mdyu\ and the place-name 
al-Jazayir. Possibly the sukun on the s (= sad) in sahibuhu at the beginning of his inscription on 
the boss of the shackle is intended to be on the h (= ha), so the word would be pronounced 
sahbuh(u). The shaddas (*) on various Arabic letters in the month-names appear to be purely 
decorative. 

31 One of the earliest surviving screws? 

The only other known medieval astrolabe with a screw attachment is the 14 lh -century Picard piece 
#202. 255 In both cases, the screws are hand-worked and appear to be original. If this is the case, 
then we are dealing with some of the earliest European examples of screws. 256 But it is easier to 
account for the male screw than for the thread inside the female cylindrical bolt. Here again metal 
analysis might be useful to investigate further whether these paraphernalia are original. 

4 Concluding remarks 

1 Who was the Jew who scratched the latitudes on the plates? 

It may be that he was an assistant to the person who made the Latin engravings, a skilled craftsman, 
but nothing more. We cannot know to what extent he was involved in the construction, most of 
which, for lack of evidence to the contrary, we attribute to the person who made the Latin engravings. 
We cannot exclude the possiblity that the “European” mentioned below was not identical with the 
Jew who scratched the latitudes on the plates, perhaps even a converted Jew, which would mean 
that a single individual engraved both the Hebrew numbers and the “Latin” inscriptions. In any 
case, the Jew appears to have been active prior to the pogroms and mass conversions in 1391, 
which heralded the collapse of the Jewish community in Spain. 257 The association of this Jew with 


King, “Strumentazione”, pp. 161. The knot is independent, although attached to other decorative components of the 
rete. 

253 See Sotheby’s London 16.12.2003 Catalogue, pp. 40-41 (lot 56). 

254 See, for example, Madrid BN MSS Catalogue, pi. VIII opposite p. 204, and Madrid RAH MSS Catalogue, pp. 
91, 119 and 175. 

255 King, The Ciphers of the Monks, p. 419 and Fig. L.9. 

256 Two general histories of the screw are Treue, Kulturgeschichte der Schraube, and Wurth & Konstanz 1995 
Exhibition Catalogue. The screw was known in Antiquity, and on the development of the screw in Europe there is 
the chapter by A. P. Usher entitled “The screw and its development”, in Singer et al., eds., History of Technology, 
III, pp. 334-339. 

257 Scheindlin, “Jews in Muslim Spain”, pp. 198-199. 
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Toledo is strengthened by the fact that this was the major centre of metal-working in Spain in 
which Jewish craftsmen were involved. 258 

2 Who was the person behind the Latin engraving? 

He was a local artisan, local to either Toledo or Saragossa, and was probably a Christian. He was 
a competent astrolabe-maker and engraver, and he adhered to a local tradition of using the old- 
fashioned inverted forms of ‘2’ and inverted bar fractions. He favoured a distinctive scholastic 
orthography for the Latin script: the ‘9’ for a hard C. Can this have been his own convention? 
Certainly, we do not find it elsewhere. Yet, he was not that well-versed in Latin or the manuscript 
tradition of star-names that he did not make mincemeat of some of the star-names on the rete. 

On the other hand, he may have been a Jew or a Jew converted to Chistianity, in which case 
he was probably identical with the Jew who scratched the latitudes on the plates (see above). 
His ancestors would have witnessed the Muslim domination come and go. 

Whoever he was, he was very familiar with the design of Andalusl astrolabes, and copied outright 
an Andalus! design for his rete and an Andalus! design for his throne. But he was also influenced 
by the new tendency amongst European astrolabe-makers to include plates for latitudes in Northern 
Spain and in France up to as far north as Paris, and just beyond to Reims. 259 He favoured a mid- 
13 lh -century Toledan tradition of astrolabe stars, although it is a complete mystery how he could 
have produced a set of star-names that were so different from those used in that tradition. Also, he 
used a curious, inexact (and previously-undocumented) Andalusl procedure for marking azimuth 
curves on astrolabe plates. 

3 Why was the astrolabe not completed as planned? 

For some reason, the astrolabe was not completed by the one or two persons mentioned above. All 
that remained to be done was to engrave the names of the zodiacal signs and the months on the 
scales of the back, which had already been inlaid with silver cartouches. The rete and four original 
plates had been completed, and the arguments had been engraved on all of the scales on the back, 
as well as the labels on the shadow-squares. Then something happened. 

One possibility is that the maker(s) died. A prime cause of premature death in the mid- 14 th 
century was the Black Death. 260 The plague hit Saragossa in the year 1348 and four-fifths of 
the Jewish population were wiped out. 261 But no end of other hypotheses could be formulated. 


258 See n. 9 above. 

259 We can distinguish various earlier tendencies amongst European instrument-makers: first, the tradition of 
marking plates for the climates of Antiquity (as on #161 and #166, with relics on #169 (2 nd climate only); see also 
#4024, a 10 th -century Andalusl astrolabe with plates for the climates); second, the tradition of #3042, also left over 
from Antiquity (see n. 176); and third, the tradition of marking plates for a series of latitudes and an over-enthusiastic 
association of these with localities such as Africa and Macedonia (see again n. 176 on #416). See further XVI. 

260 See n. 11 above. 

261 Article “Saragossa” in EJ, especially col. 861. 
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4 Who was Mas c ud? 

Mas c ud is a Muslim Arab name. (It is also a Christian Arab name, but it has no Hebrew equivalent.) 
Neither instrument-maker nor metal-worker with this name is known in the secondary literature. 262 
Mas c ud was a competent astrolabist in touch with the medieval Islamic astronomical-geographical 
tradition, because the fourth plate is executed with reasonable care for the correct latitudes. He 
was also a skilled engraver, as is apparent from his inscription on the boss of the shackle. He was 
needy (faqlr ) in the standard Islamic sense, namely, needy of the mercy of God, and the use of this 
term indicates that he engraved the inscription himself. The epithet al-wathiq , “he who trusts”, is 
usually applied to rulers, 263 but even they, in Islamic civilisation, trusted in God, here called al- 
malik al-mabud in order to rhyme with Mas c ud. 264 The term al-malik is one of the names of 
God, 265 but the expression al-malik al-ma'bud , “the King who is to be worshipped”, is neither 
Quranic nor is it attested in the statements attributed to the Prophet Muhammad; indeed, it is not 
happily Islamic. Nor is it Biblical, although the choice of words is vaguely reminiscent of the 
Psalms. 266 The word ma'bud is, however, used to refer to God by the famous poet and religious 
philosopher Judah Ha-Levi (b. Tudela, ca. 1075, yZ. Granada then Toledo, d. Cairo, 1141) in his 
discussion of the First Commandment: he renders Hebrew elohekha , “your God”, by ma c buduka , 
“the object of your worship”. 267 In passing we note the existence of an unpretentious 14 th -century 
Mamluk brass box with silver inlay in the Metropolitan Museum of Art in New York 268 which 
bears an inscription apparently identifiying the maker and the person who commissioned the 
piece: the latter is named al-Wathiq bi-’l-malik al-wall ibn Muhammad. Here again the expression 


262 This is essentially limited to Mayer, Islamic Astrolabists, and idem, Islamic Metalworkers. 

The Mas c ud al-Dahhan who translated a history of the Jews by Judah ben Moses Mosconi (“pseudo-Josephus”) 
of Ohrid in Serbian Macedonia from Hebrew into Arabic at an unspecified date (published in Livorno in 1886), is 
hardly a candidate, although Mosconi did travel to the Maghrib and to Perpignan ca. 1360—see Sarton, IHS , 111:2, 
p. 1451. Another non-candidate is Abu or Ibn Mas c ud of Seville, head of Maghribi madrasa , who commissioned a 
book on magic, apparently at the end of the 14 th century— ibid., 111:2, p. 1521. 

263 Indeed, the Hafsid ruler of Tunisia in the middle of the second half of the 13 th century was called Abu Zakariya 3 
King, Yahya al-Wathiq—see de Zambaur, Manuel , p. 74; Bosworth, Islamic Dynasties , new edn., pp. 45-46; and the 
article “Hafsid” in EI 2 , especially p. 67a. See also Brockelmann, GAL , SII, p. 232, for a mid-14 th -century Zaydl 
Imam of the Yemen named al-Wathiq bi-llah al-Mutahhar. The same title was held by an Abbasid and an Almohad 
ruler. 

264 Yet the two lines do not display a poetic metre in the traditional sense of Arabic poetry (see the EL article 
“ c Arud”). 

265 Articles “Malik” [= king] and “al-Asma 3 al-husna” [= the 99 names of God], (no. 4), in EI r 

266 As a curiosity we note that the terminology is even more reminiscent of the Protestant hymn beginning: 

“O Worship the King, all glorious above,” 

and with a line in the fifth verse: 

“In Thee do we trust, nor find Thee to fail.” 

These words were composed in 1833 by Robert Grant, and are supposedly based on Psalm 104. 

267 1 owe this information to the kindness of Tzvi Langermann. See his “Science and the Kuzari ”, p. 500, n. 5. 

268 Atil, Mamluk Art, p. 104, no. 36 (The Edward C. Moore Collection, inv. no. 91.1.538). The inscription supposedly 
reads: mimma c amila[hu] bi-rasm al-wathiq bi-I-malik al-wall ibn Muhammad Muhammad ibn c Ah al-Hamawl al- 
muwaqqit bi-I-jami al-umawl, which, if it is correct, could be taken as meaning “This was made by Muhammad 
ibn c All al-Hamawl, the professional timekeeper at the Umayyad Mosque (in Damascus), by order of al-Wathiq bi- 
’l-malik al-wall ibn Muhammad”. The work is of the “provincial type of metalwork available to the middle classes” 
(Atil). The maker is not listed in Mayer, Islamic Metalworkers, and is unknown to the history of Islamic astronomy. 
The client has not been identified. 
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al-malik al-wall , “the king who is the protector”, that is, God, is not Quranic , although al-wall 
this time is one of the 99 names of God. 269 

There is a flavour of dissimulation in Mas c ud’s inscription of ownership, as if he did not want to 
mention the name of God. Neither, as we have noted, did he engrave the name of Mecca on the 
plate for the latitude of the holiest city in Islam; nor did he label the special markings for the times 
of Muslim prayer on the plates for Algiers, Mecca and Jerusalem. Whilst any mudejar in the 14 th 
or 15 th century would try to be careful with what he wrote, we may have here, in what he did not 
write, a vague hint that he was a prisoner of the Christians. 270 

No individual named Mas c ud from al-Andalus with an interest in astronomy is known. But 
there is one man Mas c ud who was the father of an astronomer, and the family had both an AndalusI 
and a Maghribi connection. 271 Also, the date of the father would correspond to a dating of the 
astrolabe to the mid 14 th century. The family appears to have been AndalusI in origin. The son, 
possibly born in Tlemcen, some 500 km WSW of Algiers, was imam and muwaqqit in Fez, Tunis, 
Jerusalem and Damascus, and in the last-mentioned city he became a chief judge of the Malikl 
legal school. AndalusI and Maghribi emigrants to Syria would have been adherents of the Malikl 
school, which was predominant in al-Andalus but barely represented in Syria. It is a far cry from 


269 See the article “al-Asma 3 al-husna” in EI 2 (cited in n. 265), (no. 56). 

270 The veiled inscriptions of Muslim prisoners and slaves under Christian domination were in general less subtle— 
see van Koningsveld, “Muslim Captives”. 

271 A certain Tzz al-Dln c Abd al- c AzIz ibn Sa c d al-Dln Mas c ud ibn Tzz al-Dln c Abd al- c AzIz al-Tilimsanl al- 
Malikl was imam and muwaqqit in the cities of Fez, Tunis, Jerusalem and Damascus. (The epithet al-Tilimsanl 
indicates that he hailed from Tlemcen.) He oversaw the copying of MS Escorial ar. 932 of the astronomical handbook 
of Ibn Abi ’l-Shukr al-Maghribi (compiled in Damascus in 1258) in Tunis in the year 797 H [= 1394/95], and his 
name and these affiliations are given in this form in a colophon (fol. 57v). See Samso, “Maghribi Zzyes”, p. 96; this 
information is overlooked in the description of the manuscript in Escorial Catalogue B , pp. 43-44. 

Also, Ibn Mas c ud was the author of a treatise on the quadrant with trigonometric grid (see the article “Rub c ” in 
EI 2 ) compiled in Cairo in the year 795 H [= 1392/93] (on the context see King, “The Astronomy of the Mamluks”). 
This is known from a unique copy, MS Escorial ar. 918/14—see Escorial Catalogue A, p. 353; Escorial Catalogue 
B , p. 24 (also pp. 17 and 23); Cairo ENL Survey , p. 66 (no. C46); and Matvievskaya & Rosenfeld, MAMS , II, p. 324, 
no. 271a. The manuscript was copied in Maghribi script in the year 888 H [= 1483/84]. The same c Abd al- c AzIz is 
mentioned in a later Tunisian treatise on astronomical instrumentation ( Cairo ENL Survey , p. 141, no. F39, on Abu 
Ja c far al-Tuzarl, fl. Tunis ca. 1450), and there is a quadrant made by him in 774 H [= 1372/73] preserved in the 
National Museum, Damascus. 

Now the remarks in MS Escorial ar. 918 mention that c Abd al- c Azlz was the chief Malikite judge ( aqda I-qudat ) 
in Damascus. The Malikl legal school was not strong in Syria (see “al-Malikiyya” in £7 2 ), and it is somewhat 
surprising that there was a Malikl official there with this prestigious title. But it was the major school in al-Andalus, 
and numerous AndalusI scholars emigrated to Syria at the time of the Reconquista. And in this manuscript c Abd al- 
c Aziz is referred to by an AndalusI name, Ibn F-r-m-j-h or F-r-m-y-j-h (vowelling uncertain), possibly derived from 
the Spanish bermejo , meaning “of a bright reddish colour”. The first catalogue-entries for this Escorial manuscript 
provided the modern literature with an “Abdelaziz Massudus Hispalensis” (Escorial Catalogue A , p. 353), from 
whom developed an “Abdelaziz Abenmasud el Ixbili (from Seville)” (Sanchez Perez, Biografias , p. 34, also Vera, 
MME , p. 141); and an “ c Abd al- c AzIz b. Mas c ud al-Ishblll (Xlle s.)” (Lamrabet, Mathematiques maghrebines, p. 38, 
no. 203), sometimes, as now in Matvievskaya & Rosenfeld, MAMS , with the additional fiction that he died in 1132 
A.D. 

Most of the above information is found in a recent doctoral thesis by M. Aguiar Aguilar, in which the author and 
his treatise on the sine quadrant are investigated for the first time (Aguiar Aguilar, “Tratado arabe oriental”, pp. 97- 
98, eadem , “En torno a c Abd al- c AzIz b. Mas c ud”, and eadem , Tratado de Ibn Mascud, pp. 461-468). There is more 
to be said, but neither this Mas c ud nor his son have been found yet in the available biographical works (including 
some mentioned, for example, in Fagnan, “Tabakat malekites”). 
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an astrolabe-maker in al-Andalus to a judge in Damascus, but in trying to identify Mas'ud we are 
indeed grasping at straws. 

Mas'ud’s engraving of the names of the signs and of the month-names and their decoration 
remains somewhat problematic. In fact, it is not very professional within the framework of the 
high standards of Islamic astrolabe engraving. Rather his work shows a certain amount of 
calligraphic licence and is more typical of inscriptions one might find, say, woven on textiles. 272 
But his contribution is of extreme historical interest, for we are dealing with the only example of 
the influence of a local dialect on Arabic inscriptions on an astronomical instrument. And in his 
decoration of the cartouches Mas'ud was perhaps over enthusiastic. No criticism is intended here: 
in the workshops of the instrument-makers of the Middle Ages we do not expect the rigorous, and 
in many respects tedious, discipline of the madrasas and the monastic scriptoria. People simply 
did the best they could under the circumstances. We may also compare European instrument- 
makers who left off the names of stars on astrolabe retes because they could not understand the 
Arabic originals (#3042, #161 and #167) 273 or who confused the latitudes on the plates (#3915 
and #4523), 274 or who left out both the star-names and the latitudes (#169). 275 An example of the 
very kind of Andalusl astrolabe which might have inspired Mas'ud is preserved for us, namely, 
#116, made in Toledo in 420 H [= 1029/30] by Muhammad ibn al-Saffar. It even bears additional 
markings in Hebrew script that appear to have been added in Toledo. 

5 The Algiers connection 

Algiers was founded in the 10 th century on the ruins of the Roman city of Icosium. 276 A significant 
mosque was built there in the 13 th century. A traveller of that century, al-'Abdarl, mentioned the 
exceptionally beautiful natural setting of Algiers and the imposing solidity of its ramparts, but 
added that there were no scholars there, indeed that his search for a single one was like looking for 
a horse full of camels’ eggs. 277 He was comparing Algiers with Tlemcen, Bougie, Bone and Tunis, 
which did have an intellectual life, and indeed even a scientific life. 278 

Although it appears that Mas'ud made this engraving in Christian Spain rather than in Algiers, 
that city was clearly close to his heart. Now how could he have known that the latitude was around 


272 Compare, for example, the text al-baraka laka mina llah, “The blessings that you have are from God”, on the 
13 lh -century silk textile fragment in the Instituto de Valencia de Don Juan, Madrid, illustrated in Granada-New York 
1992 Exhibition Catalogue, p. Ill, fig. 7 (see already n. 249 above). Here the text is written on the left-hand side of 
a series of semicircular arcs open at the bottom with the sukun of al0-baraka on the line before the al-, and there is 
a redundant sukun above or, rather, following the word Allah. The inscription is repeated in mirror-image on the 
right. 

273 On the first see Kunitzsch & Dekker, “The Stars on the Carolingian Astrolabe”. On the second, whose present 
location is unknown, only the description in Gunther, Astrolabes, II, p. 306 (no. 161), is available. No illustrations 
of the third have been published. 

274 On #3915 see nn. 26 and 176 above, and on #4523 see n. 177. 

275 On #169 see XIIId-2.4-5 and 2.8. 

276 See the article “al-Diaza’ir” [= Algiers] in El. 

277 Cherbonneau, “Voyage d’El-Abdery”, A, pp. 157-158 (pp. 14-15 of the reprint), and B, pp. 54-55 (pp. 38-39 
of the reprint). 

278 On the history of astronomy and mathematics in the Maghrib see King, “Astronomy in the Maghrib”, and 
Djebbar, Etudes, respectively. Parts of the former are now superseded by Samso, “Maghrib! Zije s”, and idem, 
“Astronomical Observations in the Maghrib”. 



904 


PART XV 


36°? In fact the latitude (correctly 36°50 / ) is given as 35;30° in the geographical tables of Ibn al- 
Zayyat (al-Andalus, d. 1058) and al-Marrakush! (of Moroccan origin, //. Cairo ca. 1280). 279 It 
may be that 35;30° was indeed the very latitude used by Mas c ud for his plate. Likewise, he probably 
used 21 ;40° for the latitude of Mecca, the value that was most popular amongst Andalusl astrolabe- 
makers. 280 

The astronomical markings on this plate serve not only Algiers, but also the middle of the 
fourth climate of Antiquity. 281 Plates for 36° with this in mind were common on Islamic and some 
European astrolabes. 282 Western Islamic astrolabes tended to have numerous place-names associated 
with the latitude on each plate, 35;20° usually being linked with Ceuta (Sabta) and 36° with 
Almeria. But although some even from before ca. 1100 do feature Kairouan, Tunis, Tangiers and 
Ceuta, none bears markings for Algiers. In fact, only one piece from before ca. 1600 (#4046) has 
markings for Algiers, albeit with the absurd latitude 33;20°. 

But what was Mas'ud’s association with Algiers? One possibility is that he, a Muslim, planned 
to flee Christian-dominated Northern Spain for Algiers. A hijra or “breaking of ties” was advocated 
for all Muslims living under Christian domination. 283 The medieval population of Algiers consisted 
in part of refugees who had fled from the Christian reconquest of al-Andalus, and many of them 
established themselves as corsairs in Algiers. The first Jewish refugees from Spain arrived in 
Algiers in 1391, 284 In 1510 the Spaniards imposed a levy on the city and occupied the neighbouring 
islands, in order to suppress the corsairs. 285 This was taken by the Ottoman Turks as an invitation 
to liberate Algiers from both the Spaniards and the locals. 

6 The origin of the astrolabe 

Any attempt to understand how the instrument came to acquire its present form can only be 
partially successful. 286 The following reconstruction is at best hypothetical. 

The instrument was begun in some centre of Christian Spanish culture in the 14 th century; 
Toledo seems the most likely choice, although Saragossa is also a possibility. A Christian and a 
Jew collaborated on the construction, the only definitive traceable input of the latter being the 
latitudes scratched in Hebrew on the plates. It is also possible that there was only one individual 


279 Kennedy & Kennedy, Islamic Geographical Coordinates, p. 19. On the two sources see ibid., pp. xxv (sub 
MAR) and xxxvii (sub ZAY). 

280 This value was sometimes approximated to 22° or 21;30°. See King, “Geography of Astrolabes”, App. lc, 
now in XVI. 

281 See n. 36 above. 

282 Thus, for example, on #2572 all of the plates serve specific localities, but that for 36° is marked for Almeria 
and the 4th climate. 

283 Article “Mudejar” in EI 2 , cols. 288a-b. See also Buzineb, “Respuestas”, on two fatwas or religio-legal 
pronouncements dated 1392 and 1504 by Maghribi jurisprudents to this effect. 

284 Article “Algiers” in EJ. 

285 Article “Al-Diaza’ir” [= Algiers] in El,, p. 520a. 

286 A. J. Turner and E. Savage-Smith (in Turner, “Astrolabe exceptionel” / “Exceptional Astrolabe”) suggested, 
largely on the basis of the Syrian-type throne, the Syrian-type silver cartouches, the plate for [36°], which would 
serve Aleppo, and the Andalusl-type rete, that the instrument must have been made in Egypt or Syria or even further 
east in Iraq or Iran by an Andalusl or Maghribi instrument-maker, but not completed, and that the “Latin” inscriptions 
were added later in Europe. To counter this one only need point out that that the throne is an attested earlier Andalusl 
design, that the silver cartouches are quite different from the silver inlay on known Syrian (and Egyptian) astrolabes, 
and that the markings for 36° and 21V 2 ° are not by the same maker as the mater, rete and three other plates. 
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involved, perhaps a Christianized Jew. An unusual Andalusl-type design was chosen for the throne 
and for the rete, and an Andalusl, perhaps especially an Andalus! Jewish technique of silver inlay. 
With the inscriptions on the back not completed, the instrument changed hands. A Spanish Arab, 
a mudejar, named Mas c ud, with an especial interest in Algiers, added the main Arabic inscriptions, 
providing the names of the zodiacal signs and the months with orthographical symbols perhaps 
inspired by an earlier Andalus! astrolabe. His engraving shows distinct Spanish Arabic influence. 
In addition, he substituted one of the plates for a new one serving Algiers and Mecca and engraved 
the inscription on the boss of the shackle identifying himself as the owner. He appears to have 
deliberately omitted the name of God in this inscription, the name of Mecca on his new plate, and 
any identification of the purpose behind the special curves for the times of Muslim prayer on his 
plate for Algiers and Mecca and and on the original plate for Jerusalem. Perhaps he intended to 
take the instrument to Algiers, and maybe someone there added the second layer of Arabic star- 
names. But it may be the astrolabe was never taken to Algiers, for a couple of hundred years later 
it was in Northern or Eastern France, where in the 16 th century someone added the numbers on the 
outer rim. 

The hypothesis that the astrolabe was made but not completed by a European and that it later 
fell into the hands of an Arab, namely Mas c ud, who added the first layer of Arabic star-names as 
well as the plate for Algiers and Mecca, would mean that the instrument in its uncompleted form 
was in circulation. Other questions have to be addressed but cannot be answered. If Mas c ud was a 
Christian or a Christian convert from Islam, then why did he engrave a plate for the latitude of 
Mecca? If Mas c ud was a Muslim, then why did he use the unusual expression al-malik al-ma "bud 
to rhyme with his name? And a particularly vexing question is: why did Mas'ud engrave a plate 
specifically for Algiers? 

Various other explanations are conceivable but not particularly convincing given the lack of 
concrete evidence. Perhaps the astrolabe, not yet completed, was taken in the 16 th century by a 
Spaniard to sea and the pair captured by corsairs from Algiers. The Arabic additions might then 
have been made in Algiers itself. This would at least explain why the Arabic script looks later than 
the 14 th century and how there came to be additional markings for Algiers (but no additional 
Arabic inscription for, say, Toledo). But one would hardly expect a corsair or his patron to engrave 
the names on the back properly. And there was no known astronomical activity in Algiers before 
the Ottoman period. 287 Our Mas'ud, however, was competent in Arabic and in astrolabe-construction, 
as we can see from the inscription on the boss of the shackle and from the latitudes he used for his 
plate. Besides, if he made the additions in Algiers, there would have been no reason whatsowever 
not to add the name of Mecca and the names of the prayers. 

The astrolabe is a testimonial to the lives and fates of three, perhaps only two individuals; 
indeed, on no other historical instrument are the lives and aspirations and fates of individuals so 
poignantly portrayed. One was a Jew, perhaps involved only in the laying out of the astronomical 
markings on the piece. The second, the person who did the Latin engraving, was maybe identical 


287 See n. 278 above. In Cairo ENL Survey, p. 145 (no. F66), there is information on a late (17 ,h -century?) 
recension for Algiers of the 14 ,h -century astronomical tables of Ibn al-Shatir of Damascus (on whom see the article 
in DSB). 
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to the first, but if he was not, then he may have been a Spanish Christian, possibly a convert from 
Judaism. He seems to have died or been beset by some other disaster before he finished the piece. 
The other was a Muslim Arab, a mudejar, who seems to have been planning to return to the 
Muslim world as religious duty behoved him, specifically to Algiers. He finished the astrolabe 
and certainly planned to take it with him. 

There are still many questions surrounding this astrolabe to which it would be satisfying to 
know the answers. Part of the problem is that there are so few instruments with which we can 
compare this piece. 288 The most tantalizing questions relate to the person(s) who started to make 
it and the one named Mas c ud who finished it. All manner of scientific, technological, epigraphic 
and art-historical investigations will not necessarily bring us any closer to the answers. But there 
is hope that further research might cast more light on the provenance of this object, and this would 
be welcome, for it is surely one of the most interesting astrolabes surviving from the Middle 
Ages. 


288 Other European instruments from medieval Spain have not fared well in the modern literature. As already 
noted, the oldest surviving European astrolabe, #3042, has been the object of much controversy, and two other 
important pieces from Catalonia, #416 and #3053, are not even published. General historians of science cannot take 
instruments seriously until the basic research has been done. Thus, for example, in Glick, “Jewish Contribution to 
Science in Medieval Spain”, the choice of instruments used to illustrate that article was unfortunate: fig. 22 on p. 82 
shows a medieval astrolabe with Hebrew inscriptions which is probably Italian (#159); fig. 21A on p. 88 shows a 
Renaissance astrolabe (#164) datable ca. 1480 and from Vienna, not from Spain as maintained by Gunther (see now 
XVII-5); and fig. 2 IB on p. 89 shows an unsigned undated Maghribi or Andalusi astrolabe fitted with a most 
unusual Ottoman replacement rete (#3643). 



APPENDIX A: LIST OF INSTRUMENTS CITED 


Note: Each instrument has been assigned a number (here prefixed by #), continuing the tradition 
started by R. T. Gunther and upheld by Derek de Solla Price. The vast majority of the instruments 
listed below are described in the catalogue in preparation in Frankfurt. Various instruments 
mentioned only in passing are not listed here, and for these the reader must have recourse to Price 
et al ., Astrolabe Checklist. The star-positions on numerous individual astrolabes are investigated 
in Stautz, Mathematisch-astronomische Darstellungen auf mittelalterlichen Instrumenten. 

#101 Unsigned, undated 10 th -century astrolabe from Iraq, with purportedly medieval European markings 

on the back—Florence, Istituto e Museo di Storia della Scienza, inv. no. 1113—Gunther, Astrolabes , 
I, pp. 230-231 (no. 101: “The Astrolabe of Pope Sylvester II”, already expresses reservations); Garcia 
Franco, Astrolabios en Espaha , pp. 131-160 (no. 3, an electrotype copy: “Astrolabio del siglo XIII, 
reproduccion del de Alfonso el Sabio”); Santa Cruz 1985 Exhibition Catalogue , pp. 78-79 (no. 
“astrolabio de autor desconocido”); Cadiz-Algeciras 1995 Exhibition Catalogue , p. 60 (“Astrolabio 
de Alfonso X el Sabio”); Florence MSS Catalogue , p. 8, no. 2 (“La tradizione lo fa risalire a Carlo 
Magno.”); and King, “Astronomical Instruments between East and West”, p. 171 (introduces 19 th - 
century faker for the markings on the back). See now XIIIc-6. 

#103 Astrolabe by c Abd al-Karlm al-Misrl dated 625 H [= 1227/28], with later replacement rete (see XlVd- 

2)—Oxford, Museum of the History of Science, inv. no. IC 103—see Gunther, Astrolabes , I, pp. 233- 
236 (no. 103). 

#104 Astrolabe by c Abd al-Karlm al-Misrl, made in Damascus in 633 H [= 1235/36]—London, British 

Museum, inv. no. OA 1855, 7-9.1—see Gunther, Astrolabes , I, pp. 236-237 (no. 104). 

#106 Universal plate by Ibrahim al-Dimashql, made in Cairo (?) in 699 H [= 1299/1300]—London, British 

Museum, inv. no. OA 1890, 3-15.3—see Gunther, Astrolabes , I, p. 238 (no. 106). 

#107 Astrolabio plate made by Hasan ibn c All in Cairo in 681 H [= 1282/83]—Oxford, Museum of the 

History of Science, inv. no. IC 107—see Gunther, Astrolabes , I, pp. 239-240 (no. 107), and Fig. 18 
above. 

#109 Astrolabe made by the Yemeni Sultan al-Ashraf in 695 H [= 1291 ]—-New York, Metropolitan Museum 

of Art, inv. no. 91.1.535—see Gunther, Astrolabes , I, p. 243 (no. 109) and pi. LVIb, and the detailed 
description in King, “Yemeni Astrolabe”, now in XlVa. 

#110=# 135 10 th -century AndalusI astrolabe, with later markings by a European—London, British Museum, inv. 

no. OA+371—see Gunther, Astrolabes , I, p. 244 (no. 110), and p. 280 (no. 135), inadvertently listed 
twice; and King, “Oldest European Astrolabe”, fig. 3. 

#111 Astrolabe by Hamid ibn Khidr al-Khujandl, made in Baghdad in 374 H [= 984/85]. with quatrefoil 

decoration on the rete—Kuwait, private collection—see the detailed description in King, “Kuwait 
Astrolabes”, pp. 80 and 82-89, also the illustrations in idem , Mecca-Centred World-Maps , pp. 18-19, 
and now XIIIc-9. 

#116 Astrolabe by Muhammad ibn al-Saffar of Toledo, dated 420 H [= 1029/30]—Berlin, Deutsche 

Staatsbibliothek, PreuBischer Kulturbesitz, Orientabteilung, inv. no. 6567 (Sprenger 2050)—see the 
detailed description in Woepcke, “Arabisches Astrolabium”; Gunther, Astrolabes , I, pp. 251-252 (no. 
116), based on Woepcke; and on the additional inscriptions, Maier, “Romanische Monatsnamen”, B, 
p. 260. See here Fig. 15. 

#117 Astrolabe by Ibrahim ibn Sa c ld al-Sahll, dated Toledo, 459 H [= 1066/67]—Madrid, Museo 

Arqueologico Nacional, inv. no. 50762—see the detailed description in Garcia Franco, Astrolabios en 
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Espaha , pp. 229-235 (no. 12); and also Gunther, Astrolabes , I, pp. 252-253 (no. 117), and Santa Cruz 
1985 Exhibition Catalogue , pp. 80-81 (colour illustrations of the front and back). 

#123 Astrolabe by Ibrahim ibn Sa c ld, made in Valencia, 463 H [= 1070/71]—now in the Osservatorio, 

Rome—unpublished, see Gunther, Astrolabes , I, p. 263 (no. 123). 

#130,134,139,153 Various astrolabes by al-KhamaTri of Seville ca. 1220—see Gunther, Astrolabes , I. 

#134 See #130. 

#135 See #110. 

#137 Astrolabe with circus-figures on the rete, made in Syria by al-Sahl al-Nlsaburl, datable between ca. 

1180 and ca. 1280—Nuremberg, Germanisches Nationalmuseum, inv. no. WI 20—see the detailed 
descriptions in Nuremberg GNM 1992-93 Exhibition Catalogue , pp. 570-574 (no. 1.71); and Paris 
IMA 1993-94 Exhibition Catalogue , pp. 432-434 (no. 329). See now XIVb-2. 

#137 bis See #550. 

#139 See #130. 

#140 The quintuply-universal astrolabe of Ibn al-Sarraj, Aleppo, 729 H [= 1328/29]—Athens, Benaki 

Museum, inv. no. 13178—see Gunther, Astrolabes , I, pp. 285-286 (no. 140); King, Studies , B-IX; 
Paris IMA 1993-94 Exhibition Catalogue , pp. 434-435 (no. 330); and now XIVb-5. A book on this 
instrument by Frangois Charette and the present author is forthcoming. 

#153 See #130. 

#154 AndalusI astrolabe by Muhammad ibn Yusuf ibn Hatim dated 638 H [= 1240/41]—Chicago, Ill., 

Adler Planetarium, inv. no. M-36—see Gunther, Astrolabes , I, pp. 300-301 (no. 154), misdated to 
1747; and Chicago AP Catalogue , II (forthcoming). See here Fig. 12. 

#158 Astrolabe with Hebrew incriptions, Bologna (?), ca. 1400 (?) (see no. #159)—London, British Museum, 

inv. no. 93 6-16 3—Gunther, Astrolabes , II, p. 304 (no. 158); London BM Catalogue , p. 113-114 (no. 
328) and pi. Lilia; and also Goldstein, “Hebrew Astrolabe”. See also Fig. XVII-4.1. 

#159 Degenerate astrolabe with Hebrew inscriptions, Bologna (?), ca. 1400 (?), with plates labelled for 

Bologna and Paris—Chicago, Ill., Adler Planetarium, inv. no. M-20—Gunther, Astrolabes , II, p. 304 
(no. 159); Goldstein, “Hebrew Astrolabe”; and Chicago AP Catalogue , II, pp. 58-60 (no. 7). See also 
Fig. XVII-4.2. 

#161 “Hispano-Mauresque” astrolabe, with “distinctly oriental appearance”, no star-names on the rete, 

with plates for the climates and equinox at March 15—present location unknown, ca. 1930 in the 
collection of Sir J. Findlay—see Gunther, Astrolabes , II, p. 306 (no. 161). 

#162 Catalan astrolabe from ca. 1300 with a rectangular frame and decorative quatrefoil on the rete— 

London, Society of Antiquaries—see Gunther, Astrolabes , II, pp. 306-309 (no. 162), and the detailed 
description in King & Maier, “London Catalan Astrolabe”. See also Fig. XVII-3.1. 

#163 A French astrolabe, not Spanish as claimed by Gunther. 

#164 Astrolabe with quatrefoil decoration and plates for latitudes 40°, 42°, 44°, 45°, 48° and 50°, attributable 

to the Vienna school (the elongated horizontal form of the final s is very reminiscent of Hans Dorn of 
Vienna ca. 1480)—Chicago, Ill., Adler Planetarium, inv. no. M-28—see Gunther, Astrolabes , II, pp. 
311-312 (no. 164, under Spanish astrolabes) and miniature reproduction of front on pi. LXX; Glick, 
“Jewish Contribution to Science in Medieval Spain”, fig. 21A on p. 88; and Chicago AP Catalogue , 
II, pp. 49-52 (no. 4, again with the provenance as Spain). See now XVII-5. 

#165 Astrolabe made in Saragossa in 1558—Oxford, Museum of the History of Science, inv. no. IC 165— 

see Gunther, Astrolabes , II, pp. 312-315 (no. 165) and pi. LXX. 

#166 Italian astrolabe with plates for the climates—Oxford, Museum of the History of Science, inv. no. IC 

166—see Gunther, Astrolabes , II, pp. 316-317 (no. 166). 

#167 Medieval Italian (?) astrolabe—London, British Museum, inv. no. 67 7-5 22—see Gunther, Astrolabes , 

II, p. 317 (no. 167), and London BM Catalogue , p. 114 (no. 329). 

#169 Italian non-standard astrolabe from ca. 1300, with markings only for latitude 24° (second climate), 

suggesting that this may be a 19 th -century copy of such an instrument—Oxford, Museum of the History 
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of Science, inv. no. IC 169—see Gunther, Astrolabes, pp. 319-320 (no. 169); and the detailed description 
in King, “Italian Astrolabe”, now in XHId. 

#190 Astrolabic plate for latitude 48;50° (Paris), 14 th century (?)—London, Victoria and Albert Museum, 

inv. no. M. 128.1923—unpublished; see Gunther, Astrolabes, II, p. 349 (no. 190); Instrument Directory , 
p. 27, figs. 7A-B (front and back); also King, The Ciphers of the Monks , pp. 391-392. 

#191 Composite medieval European astrolabe, with an Italian mater, AndalusI-style rete (reworked?), and 

plates for Saragossa and Paris—Oxford, Museum of the History of Science, inv. no. IC 191—Gunther, 
Astrolabes , II, pp. 340-341 (no. 191). 

#198 Northern French astrolabe from ca. 1350 with luni-solar gear mechanism—London, Science Museum, 

inv. no. 1880.32—see Gunther, Astrolabes , II, p. 347 (no. 198), and King, The Ciphers of the Monks , 
pp. 398-399, 402-403, etc. (see p. 439). 

#202 Picard astrolabe from ca. 1350 with numbers marked in monastic ciphers—private collection—see 

Gunther, Astrolabes , II, p. 349 (no. 202), and the detailed description in King, The Ciphers of the 
Monks , pp. 131-151 and 406-419. See also Figs. XIIIa-10.3. 

#203 Illustrations of the rete and back of an astrolabe in the treatise L ’usaige de l ’astrolabe by Dominique 

Jacquinot, printed in Paris in 1545—see Gunther, Astrolabes , II, pp. 350-352 (no. 203). 

#213 Highly unusual medieval astrolabe in iron, of uncertain date and provenance, with latitude grid around 

the ecliptic on the rete and inlaid silver illustrations of the zodiacal signs on the back— ca. 1930 in the 
possession of Whitney Warren; present location unknown—see Culver, “Early European Instruments”, 
p. 34, for an illustration of the front, and Gunther, Astrolabes , II, pp. 361-362 (no. 213); Gunther’s 
dating to the end of the 16 th century is much too late. 

#290 English astrolabe from ca. 1300 with highly-developed quatrefoil decoration on the rete—London, 

British Museum, inv. no. MLA SL54—see Gunther, Astrolabes , II, pp. 463-465 (no. 290). See also 

Fig. XVII-3.7. 

#291 Unsigned English astrolabe dated 1326—London, British Museum, inv. no. 1909 6-17 1—see Gunther, 

Astrolabes , II, pp. 465-467 (no. 291); and London BM Catalogue , pp. 112-113 (no. 325), and pi. LI. 

#292 English astrolabe signed “Blakenei” and dated 1342—London, British Museum, inv. no. 53 11-4 1— 

see Gunther, Astrolabes , II, pp. 468-469 (no. 292); and London BM Catalogue , p. 113 (no. 326) and 
pi. LII. See also Fig. XVII-3.5. 

#293 Medieval English astrolabe with additional Hebrew inscriptions (owner’s mark?) on the throne— 

London, Victoria & Albert Museum, inv. no. 1880.26—see Gunther, Astrolabes , pp. 469-471 (no. 
293). 

#300 Northern French (?) or English (?) astrolabe from ca. 1300—Oxford, Museum of the History of 

Science, inv. no. IC 300—see Gunther, Astrolabes , II, pp. 477-478 (no. 300), and King, “Oldest 
European Astrolabe”, fig. 12. See here Figs. 14 and X-10.2a. 

#304 Unsigned, undated English astrolabe—Washington, D.C., National Museum of American History, 

inv. no. 316758—see Gunther, Astrolabes , II, p. 483 (no. 304) and pi. CXXXIV; and Washington 
NMAH Catalogue, pp. 13 and 150-151 (no. 304). 

#416 Catalan astrolabe from ca. 1300 with a Y-shaped frame on the rete—Greenwich, National Maritime 

Museum, inv. no. AST0552 = A21/1936-21C—see King & Maier, “London Catalan Astrolabe”, pp. 
694-695, n. 60, King, “Oldest European Astrolabe”, fig. 14; and the forthcoming description by 
Koenraad van Cleempoel in Greenwich Astrolabe Catalogue. See also n. 16. 

#420 Early medieval European astrolabe, perhaps the earliest after #3042, origin uncertain—Greenwich, 

National Maritime Museum, inv. no. AST0558 = A27/1936-4C—illustrated in King, “Oldest European 
Astrolabe”, fig. 9; see the forthcoming description by Koenraad van Cleempoel in Greenwich Astrolabe 
Catalogue. 

#428=#625 French astrolabe from ca. 1300—Greenwich, National Maritime Museum, inv. no. ASTO570 = A39/ 
NA1938-1661C—see Greenwich Astrolabe Booklet , p. 48, for an illustration of the front; and the 
forthcoming description by Koenraad van Cleempoel in Greenwich Astrolabe Catalogue. 
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Medieval English astrolabe—Liege, Musee de la vie wallonne, inv. no. 400—unpublished; illustrated 
in Michel, Traite de Vastrolabe, pi. III. 

Astrolabe from the workshop of Jean Fusoris, Paris, ca. 1400, with inscriptions removed and replaced 
by 18 th - or 19 th -century Arabic inscriptions (probably in Egypt)—Antwerp, Nationaal Scheepvaart- 
museum, inv. no. A.S. 43.9.127—see Michel, Traite de Vastrolabe , pi. IV; and Brussels SG 1984 
Exhibition Catalogue , pp. 37-38 (no. 8). 

14 th -century Italian astrolabe—Florence, Museo di Storia della Scienza, inv. no. 1107—detailed 
description in King, “Urbino Astrolabe”, pp. 127-129; see also idem , “Star-Names on Three Medieval 
Astrolabes”, pp. 320-323. 

14 th -century French quatrefoil astrolabe—Paris, private collection—unpublished. 

14 th -century Italian astrolabe with additional 15 th -century markings by Henricus de Hollandia— 
Nuremberg, Germanisches Nationalmuseum, inv. no. WI6—see Nuremberg GNM1992-93 Exhibition 
Catalogue , II, pp. 578-581 (no. 1.74), and also Figs. XIIIa-10.5a-e. 

Unsigned astrolabe of the Vienna school dated 1457—Nuremberg, Germanisches Nationalmuseum, 
inv. no. WI 129—see Nuremberg GNM 1992-93 Exhibition Catalogue , II, pp. 582-586 (no. 1.75). 
German astrolabic plate dated 1468—Nuremberg, Germanisches Nationalmuseum, inv. no. WI 5— 
see Gunther, Astrolabes , I, pp. 280-281 (no. 137—confused!) and more especially Nuremberg GNM 
1992-93 Exhibition Catalogue , II, pp. 589-592 (no. 1.77). 

Unsigned, undated astrolabe in the tradition of the Arsenius brothers—Nuremberg, Germanisches 
Nationalmuseum, inv. no. WI 1164—see Nuremberg GNM 1992-93 Exhibition Catalogue , pp. 598- 
600 (no. 1.82). See here Fig. 11. 

Early medieval European astrolabe of uncertain provenance—Nuremberg, Germanisches 
Nationalmuseum, inv. no. WI 282—see Nuremberg GNM 1992-93 Exhibition Catalogue , II, pp. 574- 
576 (no. 1.72). 

Composite medieval European (Italian?) astrolabe with a very early rim, rete and plates, and a back 
from an astrolabe with Hebrew inscriptions—Munich, Deutsches Museum, inv. no. 5178—see Munich 
Astrolabe Catalogue , pp. 161-176 (no. 2), also King, “Oldest European Astrolabe”, fig. 13. 

See #428. 

Astrolabe presented by Regiomontanus to his patron Bessarion in 1462—private collection—see 
most recently King & Turner, “Regiomontanus’ Astrolabe”. 

Astrolabe made in Fez by 'Uthman ibn 'Abdallah al-Saffar in 699 H [= 1299/1300]—Florence, Istituto 
e Museo di Storia della Scienza, inv. no. 1109—unpublished; see Mayer, Islamic Astrolabists , p. 84 
and pi. IVb, and Venice 1993-94 Exhibition Catalogue , pp. 178-180 (no. 79). 

Astrolabe made by Ahmad ibn Muhammad al-Naqqash in Saragossa in 472 H [= 1079/80]— 
Nuremberg, Germanisches Nationalmuseum, inv. no. WI 353—see Granada-New York 1992 Exhibition 
Catalogue , pp. 376-377 (no. 120); and Nuremberg GNM 1992-93 Exhibition Catalogue , II, pp. 568- 
570 (no. 1.70). 

Astrolabe by Muhammad ibn Fattuh al-KhamaTrl dated 628 H [= 1230/31], with later inscriptions in 
a dialect of Northern Spain—Cairo, Museum of Islamic Art, inv. no. 15371—unpublished; see Maier, 
“Romanische Monatsnamen”, A, pp. 247-249. 

Medieval French (?) astrolabe with zoomorphic features on the rete—Oxford, Museum of the History 
of Science, inv. no. 57-84/173 (Billmeir 173)—unpublished; the front and back are illustrated in 
Poulle, Instruments du Moyen Age , pp. 12 and 14. See also Fig. XIIIc-9n. 

Andalusl astrolabe by Muhammad al-Sahll dated 483 H [= 1090/91] with a replacement rete bearing 
Hebrew inscriptions—Washington, D.C., National Museum of American History, inv. no. 318178— 
see Washington NMAH Catalogue , pp. 174-177 (no. 2752); Goldstein & Saliba, “Hispano-Arabic- 
Hebrew Astrolabe”; and Lacarenza, “II ragno ebraico dell’astrolabio di Ibn al-Sahll”. 

Astrolabe from 10 th -century Catalonia—Paris, Institut du Monde Arabe, inv. no. AI 36-31—see King, 
“Oldest European Astrolabe”, and other papers in Stevens et al., Oldest Latin Astrolabe. A fine 
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illustration of the front is in Cadiz-Algeciras 1995 Exhibition Catalogue, p. 187. See also XIIIa-9.1 
(illustrated). 

#3053 Astrolabe signed by Petrus Raimundus of Aragon, made in Barcelona and dated 1375—Boston, Mass., 

Museum of Fine Arts, inv. no. 88.654—see n. 16 for a description in Catalan, to appear; the front is 
illustrated in King, “Oldest European Astrolabe”, fig. 16. See also Fig. XIVb-6.1. 

#3058 14 th -century French quatrefoil astrolabe with an additional plate for London and Paris and a later 

signature “I LOND”, surely for “John of London”, but which one??—Greenwich, National Maritime 
Museum, inv. no. A60/NA66-12—see the forthcoming description by Koenraad van Cleempoel in 
Greenwich Astrolabe Catalogue. 

#3595 Astrolabe made in 830 H [= 1426/27] by Muhammad ibn Ja c far al-Kirmanl for Ulugh Beg (his name 

has been removed from the dedication)—Copenhagen, Davids Samling, inv. no. D 25/1986— 
unpublished; see Copenhagen DS Catalogue , p. 214, King, “Strumentazione”, pp. 161 and 165; idem, 
Mecca-Centred World-Maps , pp. 106-108; and now XIVd-1 (illustrated). 

#3622 Unsigned astrolabe from Cordova, dated 446 H [= 1054/55], with later Catalan additions—Cracow, 

Jagiellonian Museum, inv. no. 4037-35/V—see the detailed description in Maier, “Ein Astrolab aus 
Cordoba”, and also Fig. XVI-10.3. 

#3643 Unsigned, undated Maghribi or Andalusl astrolabe with unusual Ottoman replacement rete— 

Washington, D.C., National Museum of American History, inv. no. 316753—see Gunther, Astrolabes, 
I, p. 302 (no. 84A); and Washington NMAH Catalogue , pp. 177-179 (no. 3643). 

#3650 Mater and plates by Muhammad ibn al-Saffar, dated 417 H [= 1026/27] (the rete is a replacement)— 

Edinburgh, Royal Scottish Museums, inv. no. T1959-62—not properly published; see Instrument 
Directory , p. 27, fig. 6 (front only). 

#3906 Medieval astrolabe with inscriptions in Hebrew—Paris, private collection—see Bandeira Ferreira, 

“Astrolabio hebraico”, and also Goldstein, “Hebrew Astrolabe”. 

#3915 Astrolabe with inscriptions in Judaeo-Arabic, al-Andalus or the Maghrib, ca. 1300 (?)—London, N. 

D. Khalili Collection, inv. no. SC 1158—see Christie’s Amsterdam 15.12.1988 Catalogue ; London 
Khalili Collection Catalogue , II, pp. 214-217 (no. 124), and King, “Review”, col. 253. See here Fig. 
XVII-3.2. 

#4024 An illustration of a 10 th -century Andalusl astrolabe signed by Khalaf ibn al-Mu c adh, found in a Latin 

manuscript—MS Paris BN lat. 7412, fols. 19v-23v—see most recently Kunitzsch, “ 10 th -Century 
Andalusl Astrolabe”, and the bibliography there cited. See also Figs. XIIIa-9.2a-b. 

#4029 Unsigned astrolabe from 14 th -century Yemen—Paris, Institut du Monde Arabe, inv. AI 86-15—see 

Paris IMA Catalogue , pp. 89-90 (no. 5), and now XIVa-Al. 

#4036 Astrolabe by Hasan ibn c Umar al-Naqqash, dated 681 H [= 1282/83], with Coptic numerals and silver 

inlay throughout—Istanbul, Turkish and Islamic Archaeological Museum, inv. no. 2970—unpublished; 
the front is illustrated in Nasr, Islamic Science , p. 120, pi. 73; the geographical gazetteer is discussed 
in King, Mecca-Centred World-Maps , pp. 76-78 and 600-602. See Figs. 18 and XIIIc-3.2e. 

#4046 Unsigned undated Maghribi astrolabe, datable ca. 1600—Qatar, National Museum—see Geneva MAH 

1985 Exhibition Catalogue , pp. 284-285 (no. 296), and the more detailed description in Sotheby’s 
16.10.1997 Catalogue , pp. 70-73 (lot 25). 

#4182 Astrolabe made in Fez in 719 H [= 1319/20] by Muhammad ibn Qasim al-Qurtubl—in 1971 in the 

possession of M. Dagron of Paris; present location unknown—unpublished. See here Figs. 13a-b. 

#4217 Astrolabe made in Granada in 886 H [= 1481/82] by Muhammad ibn Zawal (??)—Granada, Museo 

Arqueologico Provincial, inv. no. 12115—see Mendoza Eguaras, “Astrolabio de Granada”, and Madrid 
MAN 1992 Exhibition Catalogue , p. 227 (no. 44). 

#4307 Astrolabe by Mahmud ibn Jalal al-Kirmanl dated 833 H [= 1429/30]—present location unknown — 

brief description in Sotheby's London 16.12.2003 Catalogue , pp. 40-41 (lot 56). 

#4506 Italian astrolabe bearing the initials “KP” and dated Urbino, 1462—Moulins, Musee Departemental, 

stolen—published in detail in King, “Urbino Astrolabe”, pp. 130-132; see also idem, “Star-Names on 
Three Medieval Astrolabes”, pp. 323-324. Illustrations also in Figs. XIIIa-10.4a-c. 
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#4509 

#4523 

#4560 

#4561 


Italian astrolabe from ca. 1300 with a replacement plate from a Byzantine astrolabe and additional 
markings in Hebrew—private collection, acquired at Sotheby’s of London on 18.6.1986 (lot 125)— 
see Amsterdam NK 1990 Exhibition Catalogue , p. 101 (no. 186) and p. 106. 

Astrolabe made by Antonius de Pacent in Lanzano in 1420—Germany, private collection—see the 
detailed description in Stautz, “Ein Astrolab aus dem Jahr 1420”. 

The astrolabe under discussion—private collection—see n. 1. 

A 16 th -century Spanish universal astrolabe—formerly private collection, acquired in 1999 by the 
Museo Nacional de Ciencia y Tecnologia, Madrid—see the detailed description in Moreno et al ., 
“Spanish Astrolabe”. 


APPENDIX B: THE EARLIEST EUROPEAN ASTROLABES FROM SPAIN AND FRANCE, 

LISTED CHRONOLOGICALLY BY REGION 


Note: For lists of the 40-odd earliest Islamic astrolabes and some 35 of the earliest European 
astrolabes see King, “Oldest European Astrolabe”, pp. 387-391. A more extensive list is on the 
website identified in XVIII. 

Catalonia (10 th century): 

❖ #3042 (the so-called “Carolingian astrolabe”) 

Uncertain provenance: 

❖ #161 (clearly early, Spain?/France?, plates serve the seven climates)—present location 
unknown! 

♦> #420 (12 th /13 th century?, Spain?/France?, plates serve the seven climates) 

❖ #191 (a composite piece, date(s) uncertain, Italian mater, rete entirely Islamic in design, 
original plates for Saragossa, Toulouse and Paris) 

Catalonia (11 th -15 th century): 

❖ #162 (with rectangular frame within rete, ca. 1300) 

♦> #416 (with Y-shaped frame within rete, ca. 1300) 

❖ #3053 (signed by Petrus Raimundus, dated Barcelona, 1375) 

Central or Northern Spain, excluding Catalonia (12 th -15 th century): 

❖ #4560 (the astrolabe with Latin and Arabic and Hebrew inscriptions described here, 
probably 14 th century) 

Southern Spain or the Maghrib (ca. 1300 (?)): 

♦> #3915 (astrolabe with Judaeo-Arabic inscriptions, with rete design closely related to that 
on #162, ca. 1300) 

Southern France: 

❖ 0 

Northern France (prior to ca. 1400—selected): 

❖ #198 (14 th century, with luni-solar gear mechanism) 

♦> #202 (14 th century, Picardy, featuring monastic numerical ciphers) 

♦> #300 (13 th /14 th century, Northern France and/or Southern England, includes plates which 
would serve Paris and London) 

❖ #428 (ca. 1300, lions on throne, “Hispano-mauresque” rete, plates for 14 latitudes between 
15° and 48° Paris, including 43° Tolosa, that is, Toulouse) 

❖ #2041 (14 th century, jleur-de-lys design on throne, zoomorphic features on rete, plates for 
10 latitudes between 22° and 48° with no localities mentioned, most probably French, 
although FEBROARIUS suggests Italian influence) 

❖ #190 (14 th century (?), quatrefoil rete, single astrolabic plate with markings for 48;50°, 
that is, Paris) 

There are some 30 known astrolabes from the workshop of Jean Fusoris in Paris ca. 1400 (e.g., 
#192, #193, #194 in Gunther) or Fusoris-type instruments (including some predating Fusoris), 
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which do not concern us here. The best publication on French astrolabes of this type is Glasemann, 
“Zwei mittelalterliche franzosische Astrolabien”. Likewise, there are numerous quatrefoil astrolabes 
that could be French and prior to ca. 1400 (such as #3058), but their provenance is not certain. 

Notes: Gunther’s “Spanish” #161 is a composite piece, and at least the mater is Italian. His “Spanish” 
#163 is French. 


Part XVI 

The geographical data on 
early Islamic astronomical instruments 




Dedicated to John North in 1999 




DEDICATION, 

ACKNOWLEDGEMENTS AND NOTES TO THIS VERSION 


For many years now I have not ceased to wonder at my prolific colleague John North. Not only 
has he set the study of astronomy in the English Middle Ages on a firm basis, with his 
monumental studies of Richard of Wallingford and Geoffrey Chaucer, but he has also contributed 
a series of important studies to the history of astronomy and astrology from Antiquity through 
to the Renaissance and beyond to modem cosmology. It was therefore a pleasure to contribute 
to his Festschrift. The first version of this study was first published as “Bringing Astronomical 
Instruments Back to Earth—The Geographical Data on Medieval Astrolabes (to ca. 1100)”, in 
Between Demonstration and Imagination: Essays in the History of Science and Philosophy 
Presented to John D. North, Arjo Vanderjagt and Lodi Nauta, eds., Leiden: E. J. Brill, 1999, 
pp. 3-53. 

My research on medieval instruments was supported by grants from the Deutsche 
Forschungsgemeinschaft, which support is gratefully acknowledged. It is a pleasure to thank 
Francois Charette for his critical reading of various early drafts of this study, and Kurt Maier 
for his improvements to the consistency of the penultimate version. 

In the original version (pp. 16-17), after a discussion of the geographical data on the Andalusl 
astrolabe #117, I added a note that turned out to be absurd about the origin of the distinctive 
latitudes for cities in al-Andalus, such as 39;52° for Toledo, and associated lengths of daylight 
and nighttime. I reproduce it here: 

“Added in proof. In January, 1999,1 stumbled quite by chance across one of the sources 
of some of these geographical data. In the treatise on the lamina universal in the late- 
13 th -century Libros del saber de astronomia of King Alfonso el Sabio, there is a 
geographical table for 21 localities in al-Andalus, as well as Mecca and Medina. The 
table gives the latitudes, as well as the lengths of the longest day and shortest days— 
see Appendix 2c. For Toledo we find, for example, 39;52°, the distinctive value noted 
above. Note also that on #117 the shortest days are also given, precisely as in this table. 
The original Arabic treatise was by the celebrated astronomer Ibn al-Zarqallu (see DSB), 
and the table is dated 1067 A.D. (see King, Islamic Astronomical Instruments, VII, pp. 
253-254).” 

As my friend and colleague Professor Julio Samso was happy to point out to me, the information 
on latitudes in the published version of the Libros del Saber was added by the editor Rico y 
Sinobas from the very same astrolabe (#117) that I had been citing\ So we still do not know 
who first derived these values. 

Another absurdity, that I found myself, relates to the Oxford astrolabe #3 made in Isfahan 
in 374 H, and my completely crazy conclusions (p. 9): 

“When an instrument made in Isfahan in the 10 th century (#3), with markings for 30°, 
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32°, 33°, 36° and also 42°, fails to have a plate for 33° (Baghdad), we should bear 
in mind what the Sh! c ! Buwayhids thought of the Sunnite Abbasids, namely, not much.” 
Somehow, the latitudes recorded here are unrelated to the astrolabe in question. One page of 
notes misplaced from a description of another astrolabe? The latitudes for the plates are corrected 
here and in XTTTc-10. 

The version of this study published in the Festschrift for John North was devoid of diacritical 
markings, and the bibliographical abbreviations were removed from the bibliography without 
the entries being reorganized alphabetically, thus making it extremely difficult for readers to 
find out what the abbreviations meant. The version presented here is updated from the original 
text submitted to the editors. 
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1 Introductory remarks 


“This is the side for latitude 66;25°, which is the end of the seventh climate [sic] and the 
northern limit of the inhabited part of the earth. What lies beyond is desolate and unknown. I 
have engraved these markings in order to ponder the power of Almighty God and (no less) 
because of the need of the person viewing (these markings) of a modest knowledge of 
astronomy, so I engraved the 24 equal hours (which is the maximum length of daylight at that 
latitude).” Inscription on one of the plates of an unsigned astrolabe made in Cordova in the 
year 446 H [= 1054/55] (#3622)—see Fig. 10.3. 

The astronomical instruments of the Islamic and Christian Middle Ages constitute a veritable 
gold-mine of historical information that until recently had barely been tapped. 1 Thus, for 
example, we find new mathematical solutions to astronomical problems rendered graphically, 2 
artistic developments related to astronomical and/or cultural or religious criteria, 3 linguistic clues 
to provenance and later fate, 4 problems relating to positions of stars on astrolabe retes, 5 and 
unusual number-notations used to mark scales. 6 In particular, a wealth of information can be 
gained from the geographical data explicitly or implicitly to be found on these instruments, and 
the purpose of this study is to survey the data from the earliest such instruments—for 
convenience choosing a closing date of ca. 1100 7 —and offer some interpretations of them. For 


1 For a new introduction to the sources see King, “Astronomical Instruments between East and West” (Islamic 
and European), and now X (Islamic). The main research tools of the past are Gunther, Early Science in Oxford , 
II, and idem , Astrolabes (deals with Islamic and European astrolabes, long outdated); Mayer, Islamic Astrolabists 
(still the best source on Muslim instrument-makers—see below); and Price et al ., Astrolabe Checklist (computer- 
sorted data-base with one line of information on each known astrolabe). There are also several museum catalogues 
of widely-varying quality and scope. For the future we shall have Brieux & Maddison, Repertoire , listing Eastern 
makers alphabetically with brief descriptions of their instruments (long promised but still not published), and a 
catalogue currently being prepared in Frankfurt containing detailed descriptions of all Islamic and European 
instruments to ca. 1550 arranged chronologically by region (announced with much enthusiasm but still a long 
way from being publishable—see King, “Instrument Catalogue in Preparation”, A-C, and now XVIII). 

2 A preliminary discussion is in North, “Graphical Representation of Functions”. More examples were presented 
by Frangois Charette in his contribution “Numbers and Curves: the Graphical Representation of Functions in 
Islamic Astronomy” to the XXth International Congress of the History of Science, Liege, July, 1997. What is 
perhaps the most spectacular example from a mathematical point of view (if not from a graphical point of view— 
it is simply a circle cunningly situated) is described in Puig, “al-Zarqalluh’s Graphical Method”. 

3 Two examples on the retes of astrolabes are the quatrefoil and the bird’s head for Vega, which both seem 
to be Byzantine in origin. See King, “Astronomical Instruments between East and West”, p. 170, and idem & 
Maier, “London Catalan Astrolabe”, pp. 680-683 (ad #162). 

4 See Maier, “Romanische Monatsnamen”, A-B; idem , “Astrolab aus Cordoba”; and King & Maier, “London 
Catalan Astrolabe”. In these studies, vernacular forms of the Latin and Romance month-names, vernacular forms 
of Latin star-names, and basically any available linguistic straw that can be grasped are used to pinpoint the 
provenance of instruments, or—in the case of medieval Latin additions to Islamic instruments—the location of 
their mutation. 

5 See Stautz, “Die fmheste Formgebung der Astrolabien”, and idem , Mathematisch-astronomische Darstel- 
lungen auf mittelaterlichen Instrumenten. A particularly interesting instrument (#4523), on which ecliptic and 
equatorial coordinates have been confused, is discussed in idem , “Astrolab aus dem Jahr 1420”. 

6 See Destombes, “Astrolabe Carolingien”, pp. 2-4, and King, “The Oldest European Astrolabe”, pp. 371-372, 
on the alphanumerical notation found on a 10 th -century astrolabe from Catalonia (#3042). The monastic number- 
notation found on one 14 th -century Northern French astrolabe (#202) is also attested in some two dozen medieval 
manuscripts and was known to a series of Renaissance authors: see King, The Ciphers of the Monks. 

7 This limit has the advantage that amongst European instruments I need consider only the 10 th -century Catalan 
astrolabe (#3042), with sporadic references to others with plates for the climates. I hope some day to prepare 
studies similar to this one dealing with Islamic instruments after ca. 1100, and European instruments after ca. 
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the latter task, we are fortunate to have the data-base of coordinates from some 70-odd medieval 
Islamic geographical tables published by Ted and Mary Helen Kennedy. 8 These data are 
presented in App. A, and the instruments from which they are extracted, listed in App. B, which 
happen to all be astrolabes, 9 belong to the following categories: 

1 Byzantine: A single complete astrolabe dated 1062, and a plate from another. 

2 Early Eastern Islamic: astrolabes from ca. 750 to ca. 1100, mainly Baghdad (14 pieces), 
then Isfahan (3 pieces). 

3 Early Western Islamic: astrolabes from ca. 900 to ca. 1100, mainly al-Andalus (18 
pieces). 

4 Earliest European: A single astrolabe from 10 th -century Catalonia representing a 
hypothetical Roman tradition and also displaying some Islamic influence; and various 
selected astrolabes from before ca. 1300. 

It is the plates of the astrolabes, serving different latitudes, which provide the kind of information 
we are looking for, together with occasional horary quadrants for specific latitudes on the backs 
of the astrolabes. 10 With one notable exception (see below), there are no gazetteers on these 
early instruments giving the coordinates of a series of localities, such as we find on later Islamic 
astrolabes. * 11 But we are witness to a deliberate and successful effort to make the instruments 
universal, 12 that is, useful in “the whole world”. 


1300. An investigation of the star-names and the selection of stars on astrolabe retes would also be worthwhile. 

8 Listed as Kennedy & Kennedy, Islamic Geographical Coordinates. A grand total of 12,000 entries comprising 
source, place-names, longitudes and latitudes is presented according to the four different arrangements. The corpus 
is currently being updated by Merce Comes in Barcelona. A similar undertaking for medieval European coordinates 
would be worthwhile. Various published tables are reprinted in Islamic Geography , vol. 23 (1992): European 
Geographical Tables Based on the Arabic Tradition ... . It is of considerable interest to compare the data in two 
15th-century European lists, one English, the other Italian, published together in North, Horoscopes and History , 
pp. 186-195. 

9 The best introduction to the astrolabe is still North, “The Astrolabe”. However, as I took pleasure in telling 
John some years ago, his illustration of an exploded astrolabe with two plates is inaccurate—there should be three 
plates, which, together with the mater, provide seven surfaces for the climates. On the medieval Islamic reports 
and fantasies about the invention of the astrolabe and its introduction in the Islamic world see King, “The Origin 
of the Astrolabe according to the Medieval Islamic Sources”, now in XHIe. 

10 These were invented in Baghdad in the early 9 th century: see King, “al-Khwarizml”, pp. 30-31; Charette 
& Schmidl, “al-Khwarizml on Instruments”, pp. 157-158 and 182-183; and also X-6.3, XI-4.1, and XIIIc-8.1 
and 9. 

11 The gazetteer on #3 is a later addition. For a much later example, see Morley, “Astrolabe of Shah Husayn”, 
pp. 22-26. This and numerous other gazetteers are investigated in King, Mecca-Centred World-Maps , pp. 170- 
186. 

12 There was serious interest in universal solutions to problems of spherical astronomy and mathematical 
geography in the Islamic Middle Ages, whose origins are to be detected already in Greek science. Some spectacular 
new “universal solutions” are presented in Charette, “Najm al-Din’s Monumental Table”, and King, Mecca- 
Centred World-Maps. See now the new versions of King, “Universal Solutions”, in Vla-b. 

13 Thus, for example, the three makers named al-Isfahanl (#3 and #122, the former made by two brothers) 
seem indeed to have worked in Isfahan. However, as we shall see, al-Khujandl made his astrolabe (#111) neither 
in nor for Khujand, whence his family hailed, nor in or for Rayy, where he is known to have worked, but rather 
(perhaps in or at least) for Baghdad. On these instruments, see now XIIIc. On this kind of problem see also King 
& Turner, “Regiomontanus’ Astrolabe”, pp. 181-182 and 197-198, on #640, which bears an inscription implying 
that it came into being in Rome, whereas it was probably made in Vienna. 



THE GEOGRAPHICAL DATA ON EARLY ISLAMIC ASTRONOMICAL INSTRUMENTS 


925 


Most of the early Islamic astrolabes are signed; on the other hand, medieval European 
astrolabes before ca. 1400 are mainly unsigned. For the Islamic pieces these signatures, often 
geographically bound, 13 together with distinctive regional rete-design patterns and the 
geographical information derived from the plates, provide a reasonably secure geographical 
location for their fabrication. For the European astrolabes, with no signatures and without our 
having much control over regional trends in design, ascertaining the provenance has until 
recently often been a matter of guesswork, some of it with incorrect results. 14 Thus in this study 
of mainly Islamic materials it is the inherent interest of the data on the plates that is our concern, 
rather than the use of these data to establish the provenance of the instruments. 

2 The seven climates 

The earliest astrolabes bearing inscriptions in Greek (2 nd ?-8 th ? centuries)—alas not one is 
extant—were provided with seven sets of markings for the seven climates of Antiquity (see Fig. 
2.1), so as to render them universal. 15 The middles of the climates (hereafter C1-C7) are defined 
by the lengths of maximum daylight in hours, thus: 

Cl C2 C3 C4 C5 C6 C7 

13 h 13V 2 14 14V 2 15 15V 2 16 

and the beginnings and ends of the climates are appropriately defined by V 4 hour less or more 
than the lengths at the middle. 

Quite by chance certain localities of significance in the history of ancient and/or medieval 
astronomy lie close to the midpoints of the climates, namely: the Yemen (Cl); Syene (modem 
Aswan) (C2); Alexandria / Cairo (C3); Rhodes / Aleppo / Rayy (near modem Tehran) (C4); 
Constantinople / Catalonia (C5); the Po Valley (C6); and Paris / Vienna / Nuremberg (C7). 
This fortunate situation partly accounted for the popularity of the climates amongst medieval 
instrument-makers, Muslim and Christian alike. Indeed, the climates are of paramount 
importance for understanding the geography of medieval Islamic and European astrolabes and 
other instruments, and they have not received the attention they deserve in modem writings 
either on medieval geography or medieval instrumentation. 16 

Since the climates are defined in terms of the length of longest daylight, they are dependent 


14 This is not to belittle Gunther’s monumental achievement. But we may note, for example, that his no. 163 
listed as Spanish is French, and his no. 173 listed as Italian is German. His no. 169 was listed as Sicilian because 
he calculated the latitude of the only astronomical markings as 39°, whereas, in fact, it is 24°: this piece is 
nevertheless not Syenian but indeed Italian, although not necessarily Sicilian. In fact it is a copy of a special 
universal astrolabe with plates for each of the climates (see next note) in which the maker contented himself with 
markings for just one climate, namely, the second. See further King, “Italian Astrolabe”, now in XHId. There 
are many pieces for which Gunther offers no provenance but on which there is implicit geographical data. 

15 See, for example, Gunther, Astrolabes, pp. 65 and 83, for the relevant passages in the treatises of Philoponus 
(ca. 530) and Severus Sebokht (before 660). On the climates in Antiquity the standard source is Honigmann, 
Die sieben Klimata; see also Neugebauer, HAMA, II, pp. 725-733. The climates in the Islamic sources are treated 
in the article “Ikllm” by Andre Miquel in EI V but the most useful study is Dallal, “Al-Blrunl on Climates”. 

16 The explicit and implicit use of the climates on Islamic and European instruments well into the Renaissance 
is noted in King, “Astronomical Instruments between East and West”, especially pp. 152 and 168-169, and also 
idem, “Nuremberg Astrolabes”, I, pp. 107 and 111. There is a lot more on this subject that needs to be said. 
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Fig. 2.1 The climates of Antiquity shown within the boundaries of the world as known to Ptolemy. The influence 
of the climates in medieval geography, astronomy, and instrumentation has been much underestimated in modern 
scholarship. [Courtesy of a student at Frankfurt University who left this with me without leaving his name.] 


on the value assumed for the obliquity of the ecliptic, which changes over the centuries. 
Ptolemy’s value was 23;51,20° and the latitudes he gives for the climates are based on it. Muslim 
astronomers commissioned by the Caliph al-Ma'mun in the early 9 th century measured the 
obliquity anew and came up with values of 23;33° and 23;35°; 17 the latitudes of the climates 
would of necessity be different—see Table l 18 —although the Ptolemaic tradition was not 
abandoned forthwith, for most Muslim astrolabists in our period, and even some Safavid and 


17 For values used by Muslim astronomers see the EI 2 article “Mintakat al-burudj” [= zodiac] originally by 
Willy Hartner, updated by Paul Kunitzsch, especially VII, p. 86. Determinations of the obliquity were of course 
related to determinations of the local latitude. 

18 It is a pleasure to thank my colleague Dr. Benno van Dalen for compiling this table. Years ago, I could 
have generated such tables myself (using Fortran or Basic), but I no longer can do this (the more recent software 
tends to confuse me). See also n. 23 below. 
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TABLE 1 

The latitudes ((])) of the midpoints and boundaries of the seven climates (C1-C7), defined in terms of the length 
of maximum daylight (D), for different values of the obliquity of the ecliptic (e) 


c 

D 

8 / 24° 

23;51 

23;35 

23;33 

23;31 

23;30 

23;28 


12;45 h 

12;25° 

12;30 

12;39 

12;40 

12;42 

12;42 

12;43 

Cl 

13; 0 

16;20 

16;27 

16;39 

16;40 

16;42 

16;43 

16;43 


13; 15 

20; 6 

20;14 

20;28 

20;30 

20;31 

20;32 

20;33 

C2 

13;30 

23;40 

23;49 

24; 5 

24; 7 

24; 9 

24;10 

24;11 


13;45 

27; 1 

27; 11 

27;29 

27;31 

27;33 

27;35 

27;36 

C3 

14; 0 

30;10 

30;21 

30;40 

30;42 

30;45 

30;46 

30;47 


14; 15 

33; 6 

33; 17 

33;37 

33;40 

33;42 

33;44 

33;45 

C4 

14;30 

35;50 

36; 1 

36;22 

36;25 

36;27 

36;28 

36;30 


14;45 

38;21 

38;33 

38;54 

38;57 

38;59 

39; 1 

39; 2 

C5 

15; 0 

40;41 

40;53 

41;14 

41;17 

41;20 

41;21 

41;22 


15; 15 

42;50 

43; 2 

43;24 

43;26 

43;29 

43;30 

43,32 

C6 

15;30 

44;49 

45; 1 

45;22 

45;25 

45;28 

45;29 

45;31 


15 ;45 

46;38 

46;50 

47;12 

47;15 

47;17 

47;19 

47;20 

Cl 

16; 0 

48;19 

48;31 

48;53 

48;55 

48;58 

48;59 

49; 1 


16; 15 

49;52 

50; 4 

50;25 

50;28 

50;31 

50;32 

50;33 


Note on the values of e: Indians: 24°; Ptolemy: 23;51° (rounded); Muslim astronomers (9 th and 14 th centuries): 
23;33°; Muslim astronomers (9 th century and thereafter): 23;35°; al-Tusl (ca. 1250) and Ibn al-Shatir (ca. 1350): 
23;31°; Ulugh Beg (ca. 1425): 23;30° (rounded); Ottoman astronomers (16 th century and thereafter): 23;28°. 


Ottoman astrolabists centuries later, used, wittingly or not, Ptolemy’s value. 19 The latitudes of 
the climates rounded to the nearest degree are: 

16° 24° 30° 36° 41° 45° 48°. 

We find the climates represented explicitly or almost so on the very earliest surviving Eastern 
Islamic astrolabes (#3702—8 th century—see XHIb), a solitary Abbasid plate (#109—10 th 
century?—see XHIc-lOb) and the very earliest known Western Islamic astrolabe (#4042—10 th 
century?—see Fig. 2.2), as well as some of the earliest European astrolabes (#161, #166, #167, 
#589, etc.). 20 Even on later ones (such as #202), they are often there implicitly. 21 

3 Traces of the climates 

On the other hand, the only surviving Byzantine astrolabe (#2 — dated 1062 — see XIIIa-4 and 
Fig. 3.1), no longer bears markings for the seven climates, but rather for Rhodes at latitude 36° 


19 The sources, presumably originally textual, for the lengths of daylight corresponding to specific latitudes 
on Islamic astrolabe plates have not been identified. See, however, King, Mecca-Centred World-Maps , pp. 75- 
76, on a 13 th -century table displaying the maximum length of daylight for the latitudes of some 50-odd localities, 
found in a Persian treatise on the use of the astrolabe. 

20 Some people could not resist modifying these into a more pleasing arithmetical array, namely: 15°—23°— 
30°—36°—41°—45°—48° (see #161). And others put Cl at 12°, corresponding to the beginning rather than the 
middle of that climate (see #166). 

21 This has plates for latitudes: 24°, 30°, 36°, 41°, 45°, 48°, and because it was made in Picardy, also 50° and 
51°. 
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Fig. 2.2: An AndalusI astrolabe, signed by one Ahmad ibn Mu'adh, served as the basis for a set of illustrations 
penned by a European in the 10 th century (#4042). See Figs. XIIIa-9.2a-b for the rete and back. The mater and 
the three plates are marked for each of the seven climates. This plate serves the seventh climate. See further 
Kunitzsch, “10 ,h -Century AndalusI Astrolabe”, on the illustrations. [From MS Paris B.N.F. lat. 7412, fol. 20v, 
courtesy of the Bibliotheque Nationale de France.] 


associated with C4, and for Hellespont and Byzantium at latitudes 40° and 41° both associated 
with C5. A carelessly-engraved solitary medieval plate with Greek letters for the altitude 
arguments (#4509) serves latitude 43°. On a Greek astronomical ring-dial dating from the period 
250-350 A.D. excavated at Philippi in 1965, the latitudes served are 31° for Alexandria, 36° 
for Rhodes, 417 0 for Rome, and 45° for Vienne in the Rhone Valley. 22 

The notion of replacing the climates by specific latitudes is thus already an innovation of 
late Antiquity; certainly it influenced early Eastern Islamic instrumentation. For although, as 


22 On this splendid piece, see the preliminary discussion in Gounaris, “Anneau astronomique antique”. 
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Fig. 3.1 The plate for Hellespont with latitude 40° in the 4 th climate on the sole surviving Byzantine astrolabe, 
dated 1062 (#2). Note the higher density of altitude circles between the two solstitial circles for timekeeping 
by the sun and the radial markings for the equinoctial hours, both features rarely found on Islamic or European 
astrolabes. See also Figs. XIIIa-4.1a-b. [Courtesy of the Museo del’Eta Cristiana, Brescia.] 


we have noted, some early instruments in each of the four main traditions of interest here— 
early Greek, early Eastern Islamic, early Western Islamic, and early European—the seven 
climates were featured, the innovation of featuring individual latitudes and/or individual 
localities soon came to predominate on early Islamic instruments and we find it again on 
numerous other early European astrolabes (for example, #300 with 24°-60° and #558 with 16°- 
52°), doubtless as the result of Islamic influence augmented by European needs. And in at least 
the Islamic tradition, both Eastern and Western, the associated maximum length of daylight 
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is usually stated alongside the latitude, serving as a reminder of the origin of the association: 
see Table 2. 23 In one case (#117), the minimum values are also given. Occasionally the values 
of daylight do not correspond correctly to the latitudes—see #99, #117 and #122. 24 This is 
particular unfortunate on a single plate (#109), where C6 is incorrectly associated with 41°, 
although the markings are actually for 45°: see Fig. 3.2. 



Fig. 3.2: Inside a late-13 th -century Yemeni astrolabe (#109—see XlVa) we find a series of plates for various 
latitudes in the Yemen and the Hejaz, such as the one shown here on the left for 24°, serving Medina. In addition, 
however, there is a spurious early Islamic plate (9 th or 10 th century?), one side of which is shown here on the 
right. This has markings for latitude 45°, and the inscription reads: “The length of the hours in the 6 th climate 
is 15 and a half and the latitude is 41° (sic)”. Only the earliest Eastern Islamic astrolabes had plates for the 
climates. On this plate the seasonal hours are also labelled in capital Greek alphanumerical notation. See also 
Fig. XIIIc-12.2. [Courtesy of the Metropolitan Museum of Art, New York.] 


23 It is a pleasure to thank my colleague Dr. Benno von Dalen for compiling this table. See n. 18 above. 

24 #99 has a plate for 39° associated with daylight 15 hours, whereas the correct value would be 14;48 h . #117 
has the wrong value for 35;30°. #122 has a plate for 31° with daylight 13;58 h , which is correct for 30°. Note 
that on the plates for 30° and 42° on #101 the minutes of daylight have been suppressed (see also #99). In general 
the values are accurately computed, and there are two instances where daylight is given to seconds, perhaps 
suggesting that all values were originally calculated to this degree of precision: see the values for 21;40° on #118 
and for 35;30° on #123, both of which reveal that it was wise not to give all values to seconds. 
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TABLE 2 

The lengths of maximum daylight (D) as a function of terrestrial latitude ((j)) for different values of the obliquity 
of the ecliptic (e). Values are given for each 1° of (j), as well as for various significant latitude values given to 
minutes. 


<|> \ e 

24; 0° 

23;51 

23;35 

23;33 

23 ;31 

23;29 

4> \ e 

24; 0° 

23 ;51 

23;35 

23;33 

23 ;31 

23;29 

0° 

12; 0 h 

12; 0 

12; 0 

12; 0 

12; 0 

12; 0 

33; 10 

14; 15 

14; 14 

14; 13 

14; 12 

14; 12 

14; 12 

1 

12; 4 

12; 4 

12; 3 

12; 3 

12; 3 

12; 3 

33;25 

14; 17 

14; 16 

14; 14 

14; 14 

14; 13 

14; 13 

2 

12; 7 

12; 7 

12; 7 

12; 7 

12; 7 

12; 7 

33;30 

14; 17 

14; 16 

14; 14 

14; 14 

14; 14 

14; 14 

3 

12; 11 

12; 11 

12; 10 

12; 10 

12; 10 

12; 10 

34 

14;20 

14; 19 

14; 17 

14; 17 

14; 17 

14; 16 

4 

12; 14 

12; 14 

12; 14 

12; 14 

12; 14 

12; 14 

34;20 

14;22 

14;21 

14; 19 

14; 19 

14; 18 

14; 18 

5 

12; 18 

12; 18 

12; 18 

12; 17 

12; 17 

12; 17 

34;30 

14;23 

14;22 

14;20 

14; 19 

14; 19 

14; 19 

6 

12;21 

12;21 

12;21 

12;21 

12;21 

12;21 

35 

14;25 

14;24 

14;22 

14;22 

14;22 

14;22 

7 

12;25 

12;25 

12;25 

12;25 

12;25 

12;24 

35;30 

14;28 

14;27 

14;25 

14;25 

14;25 

14;24 

8 

12;29 

12;28 

12;28 

12;28 

12;28 

12;28 

36 

14;31 

14;30 

14;28 

14;28 

14;27 

14;27 

9 

12;32 

12;32 

12;32 

12;32 

12;32 

12;32 

36;30 

14;34 

14;33 

14;31 

14;31 

14;30 

14;30 

10 

12;36 

12;36 

12;35 

12;35 

12;35 

12;35 

37 

14;37 

14;36 

14;34 

14;33 

14;33 

14;33 

10;30 

12;38 

12;38 

12;37 

12;37 

12;37 

12;37 

37;30 

14;40 

14;39 

14;37 

14;36 

14;36 

14;36 

11 

12;40 

12;39 

12;39 

12;39 

12;39 

12;39 

38 

14;43 

14;42 

14;40 

14;39 

14;39 

14;39 

12 

12;43 

12;43 

12;43 

12;43 

12;42 

12;42 

38;20 

14;45 

14;44 

14;42 

14;41 

14;41 

14;41 

12;25 

12;45 

12;45 

12;44 

12;44 

12;44 

12;44 

38;30 

14;46 

14;45 

14;43 

14;42 

14;42 

14;42 

13 

12;47 

12;47 

12;46 

12;46 

12;46 

12;46 

39 

14;49 

14;48 

14;46 

14;45 

14;45 

14;45 

13;37 

12;50 

12;49 

12;49 

12;48 

12;48 

12;48 

39;30 

14;52 

14;51 

14;49 

14;48 

14;48 

14;48 

14 

12;51 

12;51 

12;50 

12;50 

12;50 

12;50 

39;40 

14;53 

14;52 

14;50 

14;50 

14;49 

14;49 

14;30 

12;53 

12;53 

12;52 

12;52 

12;52 

12;52 

39;52 

14;55 

14;53 

14;51 

14;51 

14;50 

14;50 

15 

12;55 

12;54 

12;54 

12;54 

12;54 

12;53 

40 

14;55 

14;54 

14;52 

14;52 

14;51 

14;51 

16 

12;59 

12;58 

12;58 

12;57 

12;57 

12;57 

40;30 

14;59 

14;57 

14;55 

14;55 

14;55 

14;54 

16;30 

13; 1 

13; 0 

12;59 

12;59 

12;59 

12;59 

41 

15; 2 

15; 1 

14;58 

14;58 

14;58 

14;58 

17 

13; 3 

13; 2 

13; 1 

13; 1 

13; 1 

13; 1 

41; 15 

15; 4 

15; 2 

15; 0 

15; 0 

14;59 

14;59 

17;30 

13; 5 

13; 4 

13; 3 

13; 3 

13; 3 

13; 3 

41;30 

15; 6 

15; 4 

15; 2 

15; 1 

15; 1 

15; 1 

18 

13; 7 

13; 6 

13; 5 

13; 5 

13; 5 

13; 5 

42 

15; 9 

15; 8 

15; 5 

15; 5 

15; 5 

15; 4 

19 

13; 11 

13; 10 

13; 9 

13; 9 

13; 9 

13; 9 

42;30 

15; 13 

15;11 

15; 9 

15; 8 

15; 8 

15; 8 

20 

13; 15 

13; 14 

13; 13 

13; 13 

13; 13 

13; 13 

43 

15; 16 

15; 15 

15; 12 

15; 12 

15; 12 

15; 11 

21 

13; 19 

13; 18 

13; 17 

13; 17 

13; 17 

13; 17 

43;30 

15;20 

15;18 

15; 16 

15; 15 

15; 15 

15; 15 

21;30 

13;21 

13;20 

13; 19 

13; 19 

13; 19 

13;19 

44 

15;24 

15;22 

15; 19 

15; 19 

15; 19 

15; 18 

21;40 

13;22 

13 ;21 

13;20 

13;20 

13;20 

13;20 

45 

15;32 

15;30 

15;27 

15;27 

15;26 

15;26 

22 

13;23 

13;22 

13 ;21 

13 ;21 

13;21 

13;21 

45;30 

15;36 

15;34 

15;31 

15;31 

15;30 

15;30 

23 

13;27 

13;27 

13;25 

13 ;25 

13;25 

13;25 

46 

15;40 

15;38 

15;35 

15;35 

15;34 

15;34 

24 

13;31 

13;31 

13;30 

13 ;30 

13;29 

13;29 

47 

15;48 

15;46 

15;43 

15;43 

15;43 

15;42 

25 

13;36 

13;35 

13 ;34 

13 ;34 

13;34 

13;34 

47;30 

15;53 

15;51 

15;48 

15;47 

15;47 

15;46 

26 

13;40 

13;40 

13;38 

13 ;38 

13;38 

13;38 

48 

15;57 

15;55 

15;52 

15;52 

15;51 

15;51 

27 

13;45 

13;44 

13 ;43 

13 ;43 

13;42 

13;42 

48;30 

16; 2 

16; 0 

15;57 

15;56 

15;56 

15;55 

28 

13;50 

13;49 

13;47 

13;47 

13;47 

13;47 

49 

16; 6 

16; 5 

16; 1 

16; 1 

16; 0 

16; 0 

28;20 

13;51 

13 ;50 

13;49 

13;49 

13;49 

13;48 

49;30 

16; 11 

16; 9 

16; 6 

16; 5 

16; 5 

16; 5 

29 

13;54 

13;53 

13;52 

13;52 

13;52 

13;51 

50 

16; 16 

16; 14 

16; 11 

16; 10 

16; 10 

16; 9 

29;36 

13;57 

13;56 

13 ;55 

13;55 

13;54 

13;54 

51 

16;27 

16;25 

16;21 

16;21 

16;20 

16;20 

29;55 

13;59 

13;58 

13 ;56 

13;56 

13;56 

13;56 

52 

16;38 

16;36 

16;32 

16;31 

16;31 

16;30 

30 

13;59 

13 ;58 

13 ;57 

13 ;57 

13;56 

13;56 

53 

16;50 

16;47 

16;43 

16;43 

16;42 

16;42 

31 

14; 4 

14; 3 

14; 2 

14; 1 

14; 1 

14; 1 

54 

17; 2 

17; 0 

16;55 

16;55 

16;54 

16;54 

31 ;30 

14; 7 

14; 6 

14; 4 

14; 4 

14; 4 

14; 4 

55 

17; 16 

17; 13 

17; 9 

17; 8 

17; 7 

17; 7 

32 

14; 9 

14; 8 

14; 7 

14; 6 

14; 6 

14; 6 

56 

17;30 

17;28 

17;23 

17;22 

17;21 

17;21 

32;25 

14; 11 

14; 10 

14; 9 

14; 9 

14; 8 

14; 8 

57 

17;46 

17;43 

17;38 

17;37 

17;37 

17;36 

32;30 

14; 12 

14; 11 

14; 9 

14; 9 

14; 9 

14; 9 

58 

18; 4 

18;0 

17;55 

17;54 

17;53 

17;52 

33 

14; 14 

14; 13 

14; 12 

14; 12 

14; 11 

14; 11 

59 

18;23 

18; 19 

18; 13 

18; 12 

18; 11 

18; 10 

33;9 

14; 15 

14; 14 

14; 13 

14; 12 

14; 12 

14; 12 

60 

18;44 

18;40 

18;33 

18;32 

18;31 

18;30 
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On two Western Islamic astrolabes, mixed information on localities and climates is presented: 
on #2572 we have Almeria at latitude 36;0° associated with C4, and on #3622 we find 
Hadramawt at latitude 12;25° associated with the beginning of Cl (daylight 12 3 / 4 hours). In 
both cases, no other localities are linked with climates in this way. 

4 Universality achieved by a series of latitudes 

The majority of surviving early Eastern Islamic astrolabes feature a selection of latitudes for 
specific localities rather than the middles of the climates. Some of these are clearly associable 
with the climates, others with their boundaries, and yet others with cities (usually not specifically 
mentioned) that were of importance: 33° for Baghdad, 34° for Samarra, 32° for Isfahan, 24° 
for Medina, 21° for Mecca, etc. It should be noted that Mecca and Medina are not always 
featured, so that we are not dealing with “essential travel-kit for pilgrims”. Jerusalem, although 
commonly represented in Islamic geographical tables, is not found on any early Eastern Islamic 
astrolabes, but is found on three Western Islamic astrolabes (#3622, #117, #1139) and on some 
of the earliest European astrolabes (such as #162, from Catalonia ca. 1300, and #4560, from 
14 th -century Spain). Sometimes the selection was for each degree within certain limits, as is the 
case with #1026 (33°-36°). Only one early Islamic astrolabe (#99) associates localities with 
specific latitudes, namely, Mecca at 21° and Harran at 36°, and Fustat (Old Cairo) at the 
distinctive value 29;55°, apparently supposed to be the latitude of C3 (since daylight is rounded 
to 15 hours). 25 It is particularly appropriate that Harran be featured, since it was there in the 
8 th century, according to the 10 th -century bibliographer Ibn al-Nadim, that the Muslims first 
encountered the astrolabe. 26 

We should be very careful in assigning localities to latitudes on the basis of our own 
geographical knowledge. There is a gazetteer on a mater by Nastulus (#1130, ca. 925), 27 unique 
amongst the surviving instruments before ca. 1100, 28 which can teach us a few lessons. Latitudes 
to the nearest degree are given for some 64 localities, Mecca and Medina at 21° and 24° and 


25 This value occurs in a set of tables attributed to al-Khwarizml (see n. 27 below) but not in his Geography, 
the corrupt reading 29; 15° is recorded in a manuscript of the Geography of Suhrab—see Kennedy & Kennedy, 
Islamic Geographical Coordinates, p. Ill {sub KHZ and SUH). Or was the original value 29; 15° and the better 
value 29;55° derived by a misreading? In any case, the latter was still used by al-Marrakushl (article in El,) in 
Cairo ca. 1280. The late-10 ,h -century astronomer Ibn Yunus (article in DSB) complained that some people in his 
time thought that the latitude of Cairo-Fustat was 29;0° and that they were surprised that sundials based on this 
latitude did not work properly there. This value is associated with the astrologer Masha’allah (Fustat, ca. 780— 
article in DSB) —see Kennedy & Kennedy, Islamic Geographical Coordinates, p. 111 (sub MSH YAQ). Ibn Yunus 
seems to have been the first person to measure the latitude properly as 30;0°. 

Note that the 1 0 ll '-century astrolabist who made #99 (see XIIIc-2) labelled one of his plates for “ Misr ”, meaning 
“Old Cairo”, that is, Fustat. And it is Fustat which appears explicitly in the gazetteer of Nastulus on #1030 (see 
XIIIc-3b, no. 46), datable ca. 925. The new city of al-Qahira (Cairo) was founded in the year 969, but astrolabists 
in 1 l th -century al-Andalus continued to use the expression Misr, meaning Misr al-Qahira , or Cairo-Fustat (see 
the article “Misr” in El especially pp. 146-147). 

26 See XIIIc-0. 

27 On the maker see now XIIIc-3. 

28 See n. 11 above. 
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the rest between 30° and 37° except for Tiflis at 41°, the purpose surely being to show which 
plates one should use in the various localities, but alas no plates survive for this instrument. 
The data are presented in XIIIc-3b, and most of the entries are derived from those of al- 
Khwarizml, the most significant 9 th -century geographer, who apparently took his data from a 
Ptolemaic world-map, modifying the longitudes as appropriate. 29 The data serve as a gentle 
reminder that we should not use modem latitudes to investigate medieval materials. Thus 
Nastulus on his other surviving astrolabe (#3501) has a single plate for 33° and 36°. 1 would 
have thought this would have been intended for Baghdad (and perhaps Damascus) and Mosul 
(with or without Aleppo). However, whilst we are in luck with 33°, Nastulus put Mosul at 35° 
and Aleppo at 34°. At 36° he has Massisa, Tarsus, Balad, Nisibin, Balis and Ardebil, but we 
do not need to choose between these because 36° is also the middle of C4 for the Ptolemaic 
value of the obliquity, used by Nastulus for the lengths of daylight on this plate. 

In the case of two 10 th -century Eastern Islamic astrolabes (#100 and #111) we find horary 
quadrants for a fixed latitude on the back: 30 on both the markings are for latitude 33°, which 
can only be for Baghdad. The maker of the first instrument, Hamid ibn c All al-Wasitl, is known 
to have worked in Baghdad, but the maker of the second, the astronomer Hamid ibn Khidr al- 
Khujandl, is otherwise not known to have worked outside Rayy (near modem Tehran). 31 On 
#4022, an unsigned, undated piece, surely 10 th century, there is an unlabelled quarter-circle on 
the trigonometric grid on the back: this can be used to find, for any solar longitude, the equation 
of half daylight for latitude 33°, which associates the piece with Baghdad. On #122, made in 
1102/03 by a maker bearing the epithet al-lsfaham, there are three sets of markings in the upper 
right quadrant on the back: graphical representations of the solar altitudes at the zuhr and c asr 
prayers 32 as well as the length of twilight for latitude 32° (presumably Isfahan, though note that 
Nastulus put it at 34°!), 33 and a mihrab indicating the azimuth of the qibla at Isfahan (actually 
stated): see Fig. XIIIc-11. 34 The curves for the prayers are described already by al-Blrunl (early 


29 On al-Khwarizml see the DSB article by Gerald Toomer. All studies relating to his Geography are reprinted 
in Islamic Geography, vols. XI and XII. 

The values that are not based on al-Khwarizml are of particular interest. Some can be shown to be based 
on variant readings of his entries, or on alternative entries in his tradition (Suhrab and Ibn Yunus). But most 
interesting of all are those values which seem to be derived from an early source for the monumental Kitab al- 
Atwal wa- ’l-\tritd, an 11 th - century Iranian production which was to be highly influential in Iran for several 
centuries—see especially King, Mecca-Centred World-Maps, pp. 42-43 and 156-161, and now Vile. Since no 
author, location or secure date can be associated with this work, any scraps of information we can gather on it 
are welcome. 

30 See n. 10 above. 

31 On al-Wasitl see Mayer, Islamic Astrolabists, p. 45, and on al-Khujandl the articles in EI 2 and DSB (also 
the confused remarks in Mayer, op. cit., p. 45). On their instruments see now XIIIc-8-9. 

32 These are defined by shadow-lengths, more specifically by the increases of the shadow over its minimum 
at midday. See al-Blrunl, Shadows, Chapters 25-26 of Kennedy’s translation, and the article “Mikat. Astronomical 
Aspects” [= astronomical timekeeping] in EI 2 , and now II on the way the prayer-times were determined and IV 
on the origins of the definitions. 

33 On Islamic twilight determinations see, for example, the EI 2 articles “Mikat” and “Shafak”, and numerous 
tables described in II. 

34 On the sacred direction in Islam see the article “Kibla. Astronomical aspects” in EI 2 , and King, Mecca- 
Centred World-Maps, pp. 47-127, where a wide variety of instruments for determining the qibla is discussed. 
See also Vlla-c. 
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11 th century) in his treatise on shadows. 35 There are no other early Eastern Islamic astrolabes 
with markings of religious significance. 

5 All roads lead to Rome, but which Rome? 

The majority of surviving early Western Islamic astrolabes (post-dating the earliest that have 
markings for the climates) have lists of localities in the Iberian Peninsula and the Maghrib as 
well as in the Islamic East. The idea, which, as noted above, was possibly Byzantine in origin, 
may have come to al-Andalus with a hypothetical late (Graeco-)Roman tradition of astrolabe¬ 
making, of which we seem to have one example, namely, #3042, from 10 th -century Catalonia. 36 
On this, one of the plates, for 41;30°, is marked “Roma et Francia”, intended to serve the locale 
where the instrument was made (Francia here means Catalonia), and—I would maintain—the 
locale where this particular astrolabe tradition came from, namely, Rome. There are also 
markings for latitudes 36° (intended for Rhodes?, “Africa”?, C4?), 39° (Sicily?, Naples?, and/ 
or Cordova?, C4/C5?) and 45° (Vienne?, Po Valley?, C6?); the rationale behind those for 47;30° 
defies satisfactory explanation for the time being. 37 

Amongst the geographical data on these early Western Islamic astrolabes we do indeed find 
mention of Rome (see Fig. 7.1), a city that one might think would have been of no consequence 
whatsoever for Muslims. 38 1 would maintain that the inclusion of Rome provides another instance 
of the influence of this hypothetical (Graeco-)Roman tradition. No less interesting from a 


35 al-Blrum, Shadows , I, pp. 236-238 (translation), and II, pp. 147-148 (commentary). On al-BirunI see 
Kennedy’s splendid article in DSB. 

36 This provenance was proposed by Marcel Destombes, and is accepted by Paul Kunitzsch and Julio Samso 
as well as by the present writer, if not yet by the “Paris school” (see XIIIa-9). Various other opinions are expressed 
in Stevens et al ., eds., Oldest Latin Astrolabe. Julio Samso, in his “ Roma et Francia (= Ifranja )”, discusses the 
meaning of Francia, which, as he shows, cannot be understood without reference to Islamic sources. Anscari 
Mundo, in his “Analyse paleographique de 1’astrolabe ‘carolingien’”, discusses the distinctive forms of the letters 
in the engraving, which, as he shows, are all attested in other 10 th -century Catalan inscriptions. In my contribution 
to that volume (“The Oldest European Astrolabe”), I compare numerous details on it with those on several dozen 
other Islamic and European pieces. Various aspects of it remain inexplicable, hence my postulation of a 
hypothetical Roman tradition from which various features—including the design of the rete, the plate for Rome 
and the calendrical scale on the back with Roman month-names—may be derived (on p. 384 of my article the 
section beginning “An astrolabe from ca. 1300 ... ” should be preceded by the words: “Added in proof’). Islamic 
influence is apparent in the azimuth curves on the plates (first introduced in 9 th -century Baghdad) and the 
alphanumerical notation used on the altitude scale and to represent the latitudes of the plates (which is based 
on the Western Islamic alphanumerical system, rather than, say, the Greek or Eastern Islamic ones). 

37 One possibility would be a leftover from Antiquity, namely, Heraclea Pontica on the Black Sea (Turkish 
Eregli), which Ptolemy put at 41;50° (actually 41° 17') but which some early Muslim scholars put at 46;35° (close 
to C6/7) and 47;35° (possibly the result of a scribal error)—see Kennedy & Kennedy, Islamic Geographical 
Coordinates , pp. 138-139. Note that in the two 15th-century European lists published in North, Horoscopes and 
History , pp. 186-195, “Eraclia” is still at 46;35° and there is an awkward gap between 46;50° (Cologne!) and 
48;0° (Paris). 

38 One would, however, be wrong, because Muslims were fascinated by Rome: see El-Munajjid, “Rome vue 
par les geographes musulmans”, and the article “ Rumiya” by R. Traini in EI V mentioning the “ambiguous 
geographical representation” of Rome by the Muslims, which goes back to Constrantinople, and resulted from 
the influence of the Graeco-Byzantine and Syriac tradition. Also Western Islamic instrument-makers were not 
averse to using Arabicized forms of the Roman month-names on their calendar-scales—see Maier, “Romanische 
Monatsnamen”, B. 
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historical point of view, and of importance for the later history of medieval astronomy, even 
Byzantine astronomy, was the unfortunate association of Byzantium with the 6 th rather than, 
more appropriately, the 5 th climate. As a result of this error, Constantinople is often given a 
latitude of 45° (as on #3650 and #116, as well as in most geographical tables 39 ) rather than, 
say, 41°, which would be more reasonable. 40 There seem to me to be two possibilities: 

(1) Either, there was a Roman tradition of astrolabe-making in which the plates were labelled 
for Rome, as well as, say, Sicily and Africa to the south, 41 and various points north. In 
this case, the 10 th -century Catalan astrolabe (#3042) with one plate for Rome (and 
Catalonia) is the main witness to this tradition. 

(2) Or, there was no such tradition, and the Rome called Rumiya al-kubra at ca. 41;30° on 
some Andalus! astrolabes (#2527—see also #121, but compare #123, where it is called 
simply Ruma ) was actually originally intended to be Constantinople. 42 In other words, 
the fact that Constantinople was given two different latitudes by medieval astronomers 
may have led to one of these “Constantinoples” being interpreted as Rome by at least 
the maker of the Catalan astrolabe (#3042). And the Rumiya al-kubra on Andalus! 
astrolabes became Rome (as on #123) and Qustantiniyya remained Constantinople (as 
on #3650, #1216, and #4040). 


6 Astronomical observations and mathematical calculations reflected in the geographical data 

We find non-integral latitudes reflecting 9 th -century observations, as in the case of 21;40° for 
Mecca (on #3650, #3622, etc.). This was the result obtained from measurements commissioned 
by the Abbasid Caliph al-Ma’mun. And some latitudes are not attested in any known medieval 
geographical tables: for example, 39;52° for Toledo, etc. on #117, which, however, just happens 
to be the accurate value for Toledo, and one can assume that some very competent astronomer 
actually derived it by careful observations. 43 

In the case of 33;9° for Baghdad (on #121, rounded to 33;10° on #117 and #2527), I suspect 
that this value might have been derived by calculation as the boundary of C3/C4 using obliquity 
24° (see Table l). 44 Certainly it is attested in 9th- and 10 th -century Eastern Islamic geographical 


39 See Kennedy & Kennedy, Islamic Geographical Coordinates, pp. 93-94, and also North, Horoscopes and 
History, p. 193. 

40 King, “Astronomical Instruments between East and West”, p. 169, and my remarks in “Byzantine 
Astronomy”, pp. 117-118. My colleague Dr. Sonja Brentjes kindly drew my attention to the fact that this problem 
was noted by European scholars already in the 17 th century—see Staphorst & Ray, eds., Curious Travels, II, p. 
42-43. 

41 Note that some medieval European astrolabes feature precisely these two regions: for example, the 13 th (?)- 
century Catalan piece #416—see already King & Maier, “London Catalan Astrolabe”, pp. 694-695, n. 60. 

42 The very name Rumiya al-kubra, with the epithet al-kubra, “the greater”, applies in fact to Constantinople: 
see the article “Istanbul” by Halil Inalcik in EI 2 , especially p. 224a. 

43 See now Chabas & Goldstein, The Alfonsine Tables of Toledo, pp. 145, 183, 211 and 302, for attestations 
of 39;54° in the 13 lh -century Alphonsine Tables. Compare North, Horoscopes and History, p. 192, with the two 
values 39;54° and 39;58° in a 15 th -century source. 

44 The value 33;9° is used in a limited number of early-9 th -century tables (MS Oxford Marsh 663), whereas 
the value 33;21°, derived by observations, seems to have been more popular (MS Escorial ar. 932). On the other 
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tables, having been used by al-Khwarizml (fl. Baghdad ca. 825) and al-Battanl (fl. Raqqa ca. 
910), 45 both of whose works were known in al-Andalus. 46 

With a value such as 38;30° for Cordova (on #3650, #116, etc. and in numerous geographical 
tables), better than Ptolemy’s 38;50° but not as good as Theon’s 38;5° (the accurate value is 
37°53'), 47 we have no idea who first proposed it. 48 It was possibly derived as the latitude of C4/ 
C5 using the Ptolemaic obliquity. 


7 Universality achieved by intense engraving 

Several early Western Islamic astrolabes contain a relatively large number of plates which 
display an impressive number of city-names alongside the latitudes, a veritable feat of engraving 
skills, even if some names had to be “hyphenated” and continued on the next line (most unusual 
in Arabic). See Fig. 7.1 for an example. Mecca and Medina are now almost always included 
(#110 is an exception). Also there are invariably curves amongst those for the seasonal hours 
for the zuhr and the c asr prayers, as well as altitude circles (below or above the horizon) for 
determining daybreak and nightfall, that is, for the fajr and ‘isha prayers. The latitudes 
occasionally begin with the equator (see below), and below and up to Mecca sometimes include 
such exotic places as Ghana at 10;30° (on #116); 49 Hadramawt at 12;25° (on #3622); Saba 3 
(Sheba) at 17;30° (on #3650, etc.); 50 the capital of China at 18° (on #2572); 51 Kuku (Gaw in 
Mali) at 21;40° (on #2527); 52 and al-Mansura “in China” (actually in Sind) at 23° (on #4040). 
The majority of localities lie between latitudes 30° (Cairo, etc.) and 45° (Constantinople, etc.), 
and whilst cities in the Maghrib and Muslim Spain feature prominently, the makers were not 
averse to including such far away places as Bukhara and Samarqand. In addition to Rome (see 
above), we note the following localities outside the Islamic commonwealth: Cyprus, which 
inspite of numerous attacks still remained part of the Byzantine Empire, on #117; and Sardinia, 
whose inhabitants fought constantly to keep the Muslims out, and perhaps Marseilles (?—no 
photos available, perhaps my reading was in error), albeit at latitude 38;30°, so probably an error 
for Messina, 53 both on #2527. 


hand, the value 33;0° was also rather popular (see elsewhere in MS Oxford Marsh 663 and also King, “al- 
Khwarizml”, p. 2). 

45 On al-Khwarizml see n. 27 above. On al-Battanl see the DSB article by Willy Hartner. 

46 Indeed, by an accident of history, they were the only two out of several dozen early Islamic astronomical 
handbooks that were transmitted to the West. 

47 Kennedy & Kennedy, Islamic Geographical Coordinates , p. 95; and King, “AndalusI Sundials”, p. 374. 

48 In the original version of this study I added an absurd note in proof’ (pp. 16-17) about the origin of these 
AndalusI latitude values—see the notes at the beginning of this version. 

49 A town in the Nigerian Sudan now vanished—see the article “Ghana” in EI r 

50 Destroyed long before the advent of Islam, but mentioned in the Qur'an —see the article “Saba 3 ” by 
A. F. L. Beeston in El 

51 This is probably Guangzhou (Canton)—see the article “al-Sln” [= China] in EI V and also Kennedy & 
Kennedy, Islamic Geographical Coordinates , pp. 91 (China, etc.) and 180 (Khanqu). Canton is actually at 22°8', 
but various early sources give 18;0°, 18; 15° or 18;30° for the “city” of China. 

52 Probably to be identified with Gao in Mali, whose name is written K-w-k-w or K-w-k-h (as on this astrolabe), 
sometimes put on the Nile, sometimes in Ghana, sometimes south of the equator. See Kennedy & Kennedy, Islamic 
Geographical Coordinates , pp. 191-192. 

53 Kennedy & Kennedy, op. cit., p. 218, gives for Marseilles only the Ptolemaic value 43;4°, an early Eastern 
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Fig. 7.1 Although the earliest Andalusl astrolabes had plates for the climates, by the 11 th century Andalusl astrolabe-plates usually had a series 
of localities engraved by the side of each latitude. On the plate for latitude 43° (upper left) in the astrolabe of Muhammad al-Sabban dated 
474 H [= 1081/82] (#2527), Saragossa, Tortosa and Rome are mentioned. The presence of a special plate for astrological purposes marked 
for Valencia (lower right), and another one for Saragossa, indicates that the instrument was made in one or other of those cities. [Courtesy 
of the Museum for the History of Science, Oxford.] 




938 


PART XVI 


It is worthwhile to seek a source for these geographical data amongst the several early sets 
of Islamic geographical tables, 54 but this is an operation fraught with difficulty, not least in cases 
where the latitudes are expressed to the nearest degree. Also, some localities are given different 
latitudes, even by the same maker: thus, for example, Saragossa can be found at 41;30°, 42° 
and even 43;30° 55 (#117, #3650, #116, #2527 and #1139). 

We may anticipate that rarely-attested localities, distinctive latitude values, and errors of one 
sort or another 56 can provide the most clues. If we consider the unusual value 38;20° for Cordova 
on #117, we find that it is taken from al-Khwarizml. So is the value 35;30° for Mosul, but not 
the 37;30° for Seville or 41;30° for Saragossa. Likewise, Tawiyus (possibly from Greek 
Takaphoris) occurs on #118 along with Qulzum at 28;20°. al-Khwarizml and his heirs have 
28;0°, but no other Islamic sources mention this locality. Also on #118 (as well as #4040), Tunis 
is given an absurd latitude of 33;0°, but this is precisely the value of al-Khwarizml, rounded 
from that of Ptolemy. On #117, by the same maker, it is given the latitude 33; 10°, but only 
because it is preceded by Baghdad, and the value here is simply rounded from al-Khwarizmi’s 
33;9°. On #2527 Homs has landed at 38;30°, which results from a scribal error for 33;30°, but 
al-Khwarizml had 34;0°. On the same instrument (and on #1099) Anbar is at 37;30°, which 
results from a scribal error for 34;30°, given by Suhrab in the tradition of al-Khwarizml. 

Most of the Andalusl place-names are not in al-Khwarizml (or al-Battanl). We have already 
noted the value 39;52° for Toledo, which seems to be the result of careful observations. There 
is also a serious value for Burgos, namely, 42°, on #154, which is not attested in the textual 
sources. Whilst it would be unwise to associate the latitudes of a given plate with each of the 
localities mentioned on the same plate, it is clear that in the early 11 th century someone did some 
serious thinking about the geography of al-Andalus and that we have here some evidence of 
this activity. Now the first independent geographical table from al-Andalus was prepared around 
the middle of the 11 th century by Ishaq ibn al-Hasan al-Zayyat. 57 This included some 300 entries 
and whilst being related to Eastern Islamic sources it did feature a relatively large number of 
localities in the Islamic West. Although this accounts for the inclusion of various localities on 
astrolabe-plates, it does not always account for the latitudes accorded them. For example, al- 
Zayyat has 38;10° for Cordova, 37° for Tunis and 43;0° for Rome, and 10;15° for Kuku, none 
of which values are found on the plates. In addition there are several localities featured on the 


Islamic value 43;0°, and 44;0° from the Toledan Tables. The value 38;30° for Messina is Ptolemaic: see ibid., 
p. 228, and also North, Horoscopes and History, p. 192. 

54 John North {Horoscopes and History, p. 186) has stated that the law of diminishing returns governs such 
undertakings, but this is, as the English say, a “cop-out”. In fact, this is the sort of material on which doctoral 
candidates can be nurtured. On the other hand, I have refrained from organizing the Western Islamic data by 
place-name, which is also a cop-out. 

55 This latitude is confirmed by the corresponding length of daylight. The accurate value is 41°39'. 

56 The alphanumerical notation used for numbers in astronomical and geographical tables led to different classes 

of numerical distortions (such as 3 8, 10 o 50, etc.). See Irani, “Arabic Numeral Forms”, on the notation, 

and King, Mecca-Centred World-Maps, pp. 161-163, on the consequences. 

57 On al-Zayyat see Kennedy & Kennedy, Islamic Geographical Coordinates, p. xxxvii, and Comes, “Meridian 
of Water”, on the later fate of his tradition in Egypt see King, Mecca-Centred World-Maps, pp. 80-84. There 
is a lot more to be said about al-Zayyat and his table. 
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plates that are not in al-Zayyat’s list, such as Ucles and Calatrava. And sometimes when obscure 
places in the East appear, such as Siniz (near Ahwaz) at 30° (on #117 and #4040), it is not clear 
where the entry comes from, since both al-Khwarizml and al-Zayyat have it. On the other hand, 
we note that whilst Santarem (with actual latitude 39°14') is at 42° on an early piece (#110), 
it is given al-Zayyat’s better value 40° on two later ones (#3622 and #2527). 

On the plate for latitude 35;30° on #117 the more precise latitudes of seven localities are listed 


(see Fig. 7.2 inserted after Section 12): 

Mosul 

35;30° 

attested in al-Khwarizml et al. 

Rusafa 

35;40° 

attested in al-Battanl et al. 

Manbij 

35;30° 

attested in al-Khwarizml et al. 

Mada’in 

35;30° 

Ptolemaic, not attested in the Islamic sources 

Cyprus 

35;10° 

not attested 

Sicily 

35;30° 

not attested 

Ceuta 

35;20° 

standard Islamic value but not in al-Khwarizm! or al-Battanl 


Of these values three are found in either al-Khwarizml or al-Battanl, three others are not attested 
in the Islamic sources (though one is Ptolemaic), and one is standard Islamic (though not in 
al-Khwarizml or al-Battanl). 

In brief, the data on the Western Islamic astrolabes are a curious mixture of al-Khwarizml 
(and hence ultimately Ptolemy) and al-Zayyat, a few new observed values for cities in Muslim 
Spain, and various roundings and misreadings. 

In 2004, I saw an early-18 th -century Maghribi astrolabe (#4300) that had a series of plates 
for various latitudes, including the distinctive 33;40° for [Fez], first attested on the astrolabes 
of Abu Bakr ibn Yusuf in Marrakesh in the early 13 th century, as well as 21° for Mecca and 
25° for Medina. 58 Other plates served Tunis 37°, Tripoli 36°, Alexandria 31°, Cairo 30°, and 
41°, surely for Constantinople. Nothing remarkable about this. However, an inscription on the 
mater records the longitudes of Constantine (Algeria), Kairouan, Tunis, Tripoli, Gabes, Medina, 
Mecca, Cairo, Alexandria and Fez. The maker was clearly concerned to indicate the coordinates 
of a series of localities between Fez and the Holy Cities of Mecca and Medina. He came unstuck 
with the latitude of Qusuntlniyya, making a plate for Qustantiniyya instead; otherwise, his 
astrolabe represents an attempt to produce an instrument for a Maghibi pilgrim to take on the 
hajj. 

8 Universality by horizons alone 

The plate of horizons, with four sets of markings in each quadrant, the ensemble serving for 
a complete range of latitudes, was apparently introduced by Habash al-Hasib in the mid 9 th 


58 Described and illustrated in Christie’s London 30.06.2004 Catalogue, pp. 26-27 (lot 149). See also the text 
to n. 182 in XV. 
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century. 59 We first find such a plate on the astrolabe of al-Khujandl (#111), with underlying 
obliquity stated as 23;33°, the first value found by the astronomers of al-Ma’mun (although the 
daylight values on the plates are based on 23;51°). Likewise an Andalusl set of plates (#4040) 
includes one for the horizons also indicating an obliquity of 23;33°. 

9 Astrological overtones 

Astrological information is found already occasionally on 10 th -century Eastern Islamic 
astrolabes, such as that of al-Khujandl (#111). 60 Furthermore, a minority of surviving early 
Islamic Eastern and Western astrolabes have one or two additional plates marked for astrological 
purposes, presumably at least for the place where the instrument was made. Thus the same 
instrument (#111) has markings for the equalization of the houses and the casting of the rays 61 
for an unspecified latitude, actually 33°, confirming the association with Baghdad (see 4 above). 
The astrolabe of Ibrahim ibn al-Sahll (#121) has the same for 38;30° and 41;30°, which must 
be for Cordova and Saragossa, as we see from the indications on the corresponding standard 
plates. That of Muhammad al-Sabban (#2527) has similar markings for Valencia and Saragossa, 
and an unsigned set of plates (#4040) the same for latitude 35°, apparently indicating that the 
maker favoured (or worked in) Ceuta or Tangiers. 


10 From the equator to the Arctic circle and beyond 

Markings for latitudes 0° and 90° first appear on the astrolabe of al-Khujandl (#111), serving 
pedagogic purposes and also satisfying intellectual curiosity: the associated lengths of daylight 
are stated as 12 hours and 6 months, respectively (see Fig. 10.1). On another Eastern Islamic 
astrolabe (#122) the markings are shown on the two halves of a single plate. Markings for latitude 
0°, the equator, then appear on Western Islamic astrolabes (#3650, etc), sometimes associated 
with Ceylon and the mythical islands of al-Yaqut and al-Jawhar. 62 An astrolabic plate for the 
latitude of the Arctic circle has the nice property that the horizon corresponds precisely to the 
ecliptic on the rete. Thus, the astrolabic markings on the plate correspond to an ecliptic 
coordinate system, and they can therefore be used for converting ecliptic and equatorial 
coordinates, the latter represented—more or less—on the rete and surrounding scale. We find 
such a plate for the first time on the astrolabe of al-Khujandl (#111): see Fig. 10.2. Here the 
latitude is stated as 66;27°, implying an obliquity of 23;33°, the first value obtained by al- 


59 Morley, “Astrolabe of Shah Husayn”, p. 7, n. 12 (for Morley’s Hanash read Habash). 

60 The similar markings on #3 were added later. This information, straight out of Ptolemy’s Tetrabiblos, is 
usually presented in the form of scales giving the limits and their lords, the faces, and the lords of day and night 
and the companion for each zodiacal sign. See Hartner, “Astrolabe”, A, pp. 304-307 of the reprint, and now XIIIc- 

9, etc. 

61 See the article “Tasylr” by Oskar Schirmer in EI 2 , and North, Horoscopes and History, pp. 56-69. 

62 These were products of an uncontrollable desire to fill the gaps produced by the Indian Ocean in the sacred 
geography of a world centred on Mecca—see King, The Sacred Geography of Islam (forthcoming), summarized 
in the article “Makka. As centre of the world”, in EI r 
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Fig. 10.1: The plate in the splendid astrolabe of the astronomer al-Khujandl, made in Baghdad in 374 H [= 984/ 
85] (#111), that serves latitudes 0° (upper half) and 90° (lower half). [Private collection, photo courtesy of the 
owner.] 


Ma’mun’s astronomers. On an astrolabe made in Cordova in the 11 th century (#3622) the 
markings are associated with latitude 66;25°, underlying which is the second value obtained 
by these men, 23;35°, which was also accepted by al-Battam. This, by the way, is the only one 
of the instruments discussed here in which there is any reference to the Creator as the force 
behind the subtleties of mathematical geography—see Fig. 10.3 and the translation at the 
beginning of this study. On the instruments of the AndalusI Muhammad ibn al-Saffar (#3650 
and #116) the latitude 66° is stated, implying an approximation of the Ptolemaic value. On the 
latter we also find markings for latitude 72°, which can only have served pedagogic purposes: 
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Fig. 10.4: Astrolabic markings for latitude 72° on the mater of an astrolabe by Muhammad ibn al-Saffar and 
dated 1029/30 (#116). Such markings, like those for latitudes 0° and 90°, could only serve pedagogic purposes. 
[Courtesy of the Westdeutsche Bibliothek, Marburg; object now in The Deutsche Staatsbibliothek, Berlin.] 


i — 

Fig. 10.2: al-Khujandl’s plate for latitude 66;27°, the earliest one of its kind. The underlying value of the obliquity 
is 23;33°, found by observation in Baghdad ca. 825. For the lengths of daylight on the plates of his astrolabe, 
al-Khujandl used the long-outdated Ptolemaic obliquity, 23;51°. This is curious not least because he is famed 
in the history of astronomy for his measurement of the obliquity as 23;32;21°, conducted in 994 (see XIIIc- 
9). [Private collection, photo courtesy of the owner.] 

Fig. 10.3: The unusual inscription on the markings for latitude 66;25° on the mater of an unsigned astrolabe 
made in Cordova in 1054/55 (#3622), translated at the beginning of this study. [Photo by the author, courtesy 
of the Jagiellonian Museum, Cracow.] 
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see Fig. 10.4. 63 The corresponding markings on another Western Islamic piece (#121) serve 
66;30° and 72°. 

11 A Ptolemaic surprise 

Of particular historical interest is the appearance amongst the plates of an ll th -century Western 
Islamic astrolabe (#4040) of a plate for 16;30° south of the equator (“behind the equator in the 
south”), the value for “Anti-Meroe” in Ptolemy’s Geography and the lower limit of his world- 
map projections. 64 The existence of this plate is important evidence firstly that some knowledge 
of Ptolemy’s Geography was available in al-Andalus at the time of construction; and secondly 
that plates for southern latitudes were known in al-Andalus in the 11 th century. Perhaps it was 
from al-Andalus that the idea of representing southern rather than northern latitudes on the 
astronomical markings for astrolabic clocks came to medieval Europe. 65 In any case, this plate 
serves as a reminder that astrolabe plates were not necessarily constructed so that travellers could 
use them. 

12 Concluding remarks 

We have seen how the climates of Antiquity influenced the geography of early Islamic 
instruments. Furthermore, we have seen that the geographical data on early Islamic astrolabes 
from the East and the West were different in format and in spirit, if not also in intended 
application. 66 The large number of plates was not intended for practical purposes but to make 
the instrument universal. 67 The wide variety of information presented attests to an acute 
geographical awareness on the part of the Muslim instrument-makers, not always free from the 
limitations of blind traditionalism. They were also aware that the astrolabe is a model of the 
whole world—heavens and earth—that one can hold in one’s hands. They made sure they did 
not neglect the terrestrial part of the instruments, namely, the plates, just as they rose to the 
challenge—in both scientific and artistic terms—of representing the fixed stars and sometimes 
even constellations on the celestial part, the rete. It is only when we have a clear idea of this 
that we can begin to understand what happened in the case of early European astrolabes, 68 
which is far more complicated and not occasionally pathetic. 


63 Or was it perhaps originally thought of as the “end” of the ocean surrounding the earth? See Kennedy & 
Kennedy, Islamic Geographical Coordinates, p. 248, where 71° is cited as the latitude of this extremity in a 15th- 
century source. 

64 Neugebauer, ESA, pp. 220-224, and idem, HAMA, II, pp. 934-940. 

65 On early European astronomical clocks, see North, “Monasticism and the First Mechanical Clocks”. 

66 We have noted that only on one relatively late Eastern Islamic astrolabe (#122) are there any markings for 
the prayer-times and the qibla, and that markings for the prayer-times were standard on Western Islamic astrolabes. 
But mind the gap: the Eastern instruments are mainly 10 th century, and the Western ones mainly 11 th century. 

67 See n. 12 above. 

68 For the significance and potential of this kind of information see already, for example, King & Maier, 
“London Catalan Astrolabe”, pp. 690-696 on #162 (where a latitude on a plate, probably derived by calculation, 
corresponds to the area of the dialect of medieval Catalan used for some star-names); King, “Picard Astrolabe”, 
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Fig. 11.1: The plate for latitude 16;30° south of the equator amidst a set of plates from an ll th -century Andalusl 
astrolabe (#4040). Quite unique in medieval instrumentation, this plate corresponds to the lower limit of 
Ptolemy’s world-maps. Its existence raises a host of questions about the influence of Ptolemy’s Geography in 
early Islamic science and about the Islamic background to medieval European astronomical clocks. [Private 
collection, photo courtesy of the owner.] 


A nice example is #191, illustrated by Gunther. 69 This a composite piece comprising a 14 th (?)- 
century Northern Italian mater, fitted with a rete copied from or modified from an Western Islamic 
one, and containing two sets of plates, one Northern Spanish for integral latitudes 41° and 42° 


A, pp. 52 and 57, and The Ciphers of the Monks , pp. 138-141, on #202 (where a latitude on a plate with special 
markings corresponds to the area of the Picard dialect of medieval French used for the month-names); King 
& Turner, “Regiomontanus’ Astrolabe”, p. 186, on #640 (where a range of latitudes on a 15 th -century astrolabe 
deemed suspect corresponds to that attributed to its maker by a 16 th -century source); and Stautz, “Astrolab aus 
dem Jahr 1420”, pp. 151-153, on #4523 (where the Northern Italian maker labelled his plates for latitudes 32°, 
37°, 40°, 43°, 44°, 45° and 48°, but deviously constructed all of the markings for 45° (C6), that is, the Valley 
of the Po, where he felt most comfortable). Other examples are in n. 176 to XV. 

69 #191: see Gunther, Astrolabes , II, pp. 340-341 (no. 191), esp. pi. LXVIII. 
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Fig. 12.1: The plates in this Chaucer-type English astrolabe (#299), with a Y-shaped frame on the rete, serve 40° 
Toledo, 42° Rome, 49° Cologne, 52° London, 57° Berwick, and 59° for Paris! Using the plates would be made 
difficult by the incorrect numbering of the altitude circles. [Courtesy of the Museum of the History of Science, 
Oxford.] 



Fig. 12.2: Two plates of another English astrolabe (#4518), this one with quatrefoil decoration on the rete, have 
London in the low 50°s and Paris some 10° further north. This time, the construction of the altitude circles is a 
disaster, as well as their numbering. The other plates are for Rome, Cologne, York and Berwick. [Private collection; 
photos courtesy of the owner.] 
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(marked “Cesar Augusta” for Saragossa), 45° and 50°, as well as 57° and 58°, and the other 
Northern French for latitudes 45° and 48° (marked “Parisius”). Now why would a Spanish astrolabist 
make a plate for 57° and 58°? Part of the answer is in the Toledan Tables, where the Island of 
Thule is reduced from Ptolemy’s 63° to 58; 10°. 70 So why not make a plate for Thule? In fact, such 
a plate would have been about as useful to medieval European astronomers as ones for Kuku and 
Sheba would have been to their medieval Muslim counterparts. But it is still nice to have plates 
for such localities. 

We might also mention two English astrolabe-makers, responsible for #299 and #4518, who 
lost control of their subject altogether when they put Paris at ca. 60°: see Figs. 12.1-2. 71 

But now it really is time to stop. 



Fig. 7.2 (inserted in proof): The additional latitude values for certain cities inserted on the markings for latitude 
35;30° on the astrolabe of Ibrahim ibn SaTd al-Sahll (#117). [Courtesy of the Museo Arqueologico, Madrid.] 


70 See also North, Horoscopes and History, p. 195. 

71 #299: see Gunther, Astrolabes, II, pp. 475-476 (no. 299). 

#4158: unpublished, though see Brussels SG 1984 Exhibition Catalogue, p. 37 (no. 7); and King, Ciphers of the 
Monks, pp. 305 and 308. 








APPENDIX A: GEOGRAPHICAL DATA ON EARLY ASTROLABES (TO CA. 1100) 


Key: 

• Section in XVIII —Checklist number in Appendix 3 —Present location (abbreviations 
are in XVIII) 

• Maker if named (b. = ibn, Ibr. = Ibrahim, M. = Muhammad)—Location of manufacture, 
if stated or ascertainlable—Date, if given (usually converted from Hijra date), otherwise 
estimated 

• Density of altitude (H) and azimuth circles (A), above the horizon (A+) or below 
(A-) 

• Obliquity underlying values of the length of longest daylight (only for Islamic astrolabes) 
The main data gives the climates or latitudes featured on the plates, with lengths of maximum 
daylight and names of localities. Where daylight values are given, the errors in the minutes are 
shown in square brackets. 


(a) Byzantine astrolabes 

1.1.1—#2—Brescia MEC 1.1.2—#4509 - PC 

Sergius the Persian, [Constantinople?], 1062 unsigned, provenance?, undated (single plate) 
H/6° H/2° 


36° 

C4 

Rhodes 

[43 °] 

40 

C5 

Hellespont 


41 

C5 

Byzantium 



(b) Eastern Islamic astrolabes 


1.2.1—#3702—Baghdad AM 

Reworked late 8 th ? C 
astrolabe, no original 
signature, [Harran? / 
Baghdad?] 

H/6° 

23;51° 


Cl 

16° 

1.2.2a—#1026—Oxford 

C2 

24 

MHS 

C3 

30 

Khafif, [Baghdad], 

C4 

36 

undated 

C5 

41 

H/6° 

C6 

45 

23;51° 

C7 

48 
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33° 

14;13 h 

[0] 

34 

14; 18 

[-1] 

35 

14;22 

[-2] 

36 

14;30 

[0] 


1.2.2c—#4030—Florence 
UG (illustration) 

Khafif, [Baghdad], 

undated 

H/6° 

23;51° 

30 14 [+2] 

no more information 
available (there were 
originally 3 plates) 


1.2.3—#99—Paris BNF 

Ahmad b. Khalaf, 


[Baghdad], undated 


H/6°, some A+/10 0 


23;51° (see below) 


21° Mecca 13;18 

[0] 

24 - 13;30 

[-1] 

29;55 Misr * 14 

[+2] 

31 - 14; 6 

[+3] 

34 


36 


37 Harran 14;36 

[0] 

39 - 15 

[!] 

* here meaning Fustat - see 

the later Andalusl sources 

listed below where 



Misr means Cairo- 
Fustat 


1.2.4a—#3501—Kuwait DAI 

Nastulus, 
[Baghdad], 315 H 

H/6° 

23;51° 


33° 14; 13 

[0] 

36 14;30 

[0] 

1.2.5—#1179 - PLU < 

Berlin PC 

M. b. Shaddad, 

undated 

markings ? 

?24°? or ?23;51°? 


11° ? 


21 13; 19 [0/+1] 

1.2.6—#4180—Rockford TM 

al-Muhsin b. M., 

undated 

H/6° 

23;51°. 


24° ? 

_ 

31 14;3 

[0] 


1.2.7—#101—Florence MSS 

Unsigned, undated 

H/6° 


23;51° 



30° 

14 

[+2] 

33 

14; 13 

[0] 

36 

14;30 

[0] 

42 

15 

[-8] 


1.2.8—#4022— 
London SM 
Unsigned, undated 
H/6° (A+/10 0 are 
later additions) 


23;51° 



24° 

13;30 

[-1] 

28 

13;47 

[-2] 

31 

14; 4 

[+1] 

36 

14;30 

[0] 

39 

14;48 

[0] 


There was probably also a 
plate for 33° 


1.2.10—#111—PC 
al-Khujandl, 
[Baghdad?], 374 H 
H/3°, some A+/5°, 
some A-/5° 

23;51° (and 23;33° 
for plate serving 
66;27°) 
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21° 

13;18 

[0] 

27 

13;44 

[0] 

30 

13;58 

[0] 

33 

14;13 

[0] 

36 

14;30 

[0] 

39 

14;48 

[0 

42 

15; 7 

[-1] 

66;27 

24 

[0] 

0°/90° 

12h/6m 

[0] 

Rays for 33°, horizons 

1.2.11—#3—Oxford MHS 

The sons 

of Ibr. al-Isfahanr. 

[Isfahan], 374 H 


H/6°, one 

with A-/10° 

23;51° 



LO 

O 

o 

13;58 

[0] 

32 

14; 8 

[0] 

33 

14;13 

[0] 

36 

14;30 

[0] 

37 

14;36 

[0] 


some markings for twilight 


1.2.12—# 122—Florence 
MSS 


M. al-Isfahant, [Isfahan], 
496 H 

H/6°, some A-/10° 
23;51° 


24° 

13;31 

[0] 

30 

13;56 

[-2] 

31 

13;58 

[-5] 

32 

14; 8 

[0] 

33 

14;13 

[0] 

36 

14;30 

[0] 

0790° 

- 

- 


Note: The daylight for 31° 
is accurate for 30°. 


1.2.13—#4021—Copenhagen 
DS 

Unsigned, undated 
H/3° (ogival) 

23;51° 

36° 14;30 [0] 

42° 15; 7 [-1] 


1.2.14—#4020—London PC 

Damaged, almost beyond 
recognition 

markings ? 


36 ° 


1.2.15b—#109 = #3549— 
New York MMA 

Unsigned, undated 
H/6° 

23;51° or 24° 

C6 = 41° 15 l/2 h 

Cl = 48 16 

There is a problem with 
these markings. The latitude 
of C6 is closer to 45°, 
which underlies the 
markings. The latitude of the 
seventh climate rounds to 
48° only for obliquity 24°; 
for lower values of the 
obliquity it rounds to 49°. 

1.2.14e—#1026—Oxford 
MHS 

Unsigned, undated 
H/6° 

23;51°? or 23;33°/23;35°? 

36° 14;28 [-2/0] 

41 15; 0 [-1/+2] 


n.a. 
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(c) Western Islamic astrolabes 

Key (in addition to that given above): 

Curves for prayers indicated by z = zuhr, a = ‘asr, b = end of c asr 
Curves for twilight indicated by t+ (above horizon) or t- (below it) 


1.3.1—#4024—illustrated in MS Paris BNF 
7412 

Khalaf b. al-Mu c adh, undated (10 th C) 

H/6° 

23;51° 


Cl 

13 h 

16;27° 

[0] 

C2 

13 1/2 

23;16 

should 

C3 

[14] 

30;22 

[+1] 

C4 

14 1/2 

36; 6 

should 

C5 

15 

40;56 

[+3] 

C6 

15 1/2 

45; 1 

[0] 

C7 

16 

48;32 

[+1] 


1.3.2—#110 = #135—London BM 

Unsigned, undated 

H/6° and A+/10 0 , some z, a, t+ 


30° Misr (Cairo-Fustat), Kirman, 

Siraf 

42 Almeria, Harran, Samarqand, 

Tarsus 

38;30 Cordova, Tudmir (Murcia), Ibiza 

42 Toledo, Valencia, Denia, Badajoz 

42 Saragossa, Medinaceli, Santarem 


1.3.3a—#3650—Edinburgh RSM 
M. b. al-Saffar, Cordova, 417 H 
H/6° and A+/10 0 


On the plate for 17;30° (the only one I have 
seen) there are curves for the zuhr and the 
beginning and end of the c asr , and the 
altitude circle at 18° is marked for twilight. 

23;51° 


0° 

12 

[0] 

14;30 

12;52 

[-1] 

17;30 

13; 4 

[0] 

21;40 

13;22 

[+1] 

25 

13;35 

[0] 

28 

13;49 

[0] 

30 

13;59 

[+1] 

32 

14; 8 

[0] 

34;20 

14;20 

[-1] 

36 

14;30 

[0] 

38;30 

14;45 

[0] 

40 

14;54 

[0] 

42 

15; 8 

[0] 

45 

15;30 

[0] 

66° 

- 

- 


Equator, the Island 
of Ceylon, the 
Island of al-Yaqut 
and al-Jawhar 

Sanaa 

Sheba 

Mecca 

Medina 

Qulzum 

Misr (Cairo-Fustat) 

Kairouan 

Samarra 

Tangiers 

Cordova 

Toledo 

Saragossa 

Constantinople 


1.3.3b—#116—Marburg Berlin SBOA 
M. b. al-Saffar, Toledo, 420 H 
H/6° and A+/10 0 , z, a, b, some t 
23;51° 
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[0°] 

[12; 0] 

[0] 

The Island of 
Ceylon, the Island 
of al-Yaqut 

10;30 

12;38 

[0] 

Ghana 

14;30 

12;52 

[-1] 

Sanaa 

17;30 

13; 4 

[0] 

Sheba 

21;40 

13;20 

[-1] 

Mecca 

25 

13;35 

[0] 

Medina 

28 

13;49 

[0] 

Qulzum 

30 

13;58 

[0] 

Misr (Cairo-Fustat) 

32 

14; 8 

[0] 

Kairouan 

34;20 

14;20 

[-1] 

Samarra 

36;30 

14;33 

[0] 

Samarqand 

38;30 

14;45 

[0] 

Cordova 

40 

14;54 

[0] 

Toledo 

43;30 

15; 18 

[0] 

Saragossa 

45 

15;30 

[0] 

Constantinople 

66/72 

- 

- 

- 

Rays for 38;30° 

and 42° 


1.3.3c—#4025—Palermo MN 
[M. b. al-Saffar], undated 

H/6° and A+/10 0 , z, a, b 
40° Toledo 
H/5° and no A 
[42;30°] 


1.3.4—#3622—Cracow JUM 
Unsigned, Cordova, 446 H 
H/3° and A/5°, z, a, t- 
23;51° 

12;25° 12;45 [0] Hadramawt, 

beginning of Cl 


21;40 

13;21 

[0] 

Mecca 

24 

13;30 

[-1] 

Medina 

27 

13;44 

[0] 

Hejaz 

30 

13;53* 

[-5] 

Misr (Cairo-Fustat) 

32 

14; 8 

[0] 

Jerusalem, 

Kairouan 

36;30 

14;30 

[-3] 

Almeria 

38;30 

14;45 

[0] 

Cordova, Valencia 

40 

14;54 

[0] 

Toledo, Santarem 

42 

15; 8 

[0] 

Saragossa 

66;25° 

24 

[0] 

inscription—see 
the quote at 
beginning of this 
study 

* Clearly 
accurate 

a scribal 

error 

for 13;58, which is 


1.3.5b—#1079—Palermo MN (stolen) 
Ibr. b. c Abd al-Karlm, undated 
H/6° and A+/10 0 


20 ° ? 

? ? 

42 Misr (Cairo-Fustat) 
? ? 

39 ? 


Caldo mentions the mater (for 30°) and 2 
plates for latitudes between 20° and 39° 


1.3.6a—#117 - Madrid MAN 
Ibr. b. Sa'ld al-Sahli, Toledo, 459 H 
H/3° and A/5° 

23;51° 

22° 13;21/10;39 [-1] Mecca 
25 13;35/10;25 [0] Medina 
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30 

13;58/10;2 

[0] 

32 

14;8/9;52 

[0] 

33; 10 

14; 14/9;46 

[0] 

35;30 

14;15/9;45 

[!] 

36;30 

14;33/9;27 

[0] 

37;30 

14;39/9;21 

[0] 

38;20 

14;45/9;15 

[+ 1 ] 

39;52 

14;54/9;6 

[+1] 

41;30 

15;5/8;55 

[+1] 


Misr (Cairo-Fustat), Kirman, Sijilmasa, Siniz, Jannaba 

Kufa, Sijistan, Jerusalem, Tiberias, Carthage, Shiraz, Alexandria, 
Fars, Ascalon, Rosetta, Tinnis, Ramla, Ahwaz, Kairouan, Ana, 
Tripoli (Libya), Barqa (! repeated), Istakhr, Gaza 

Baghdad, Damascus, Fez, Babil, Tunis (!), Hit, Barqa 
(! repeated), Sale, Acre 

Mosul, Rusafa, Manbij, al-MadaTn, Cyprus, Sicily, Ceuta (the 
latitudes in degrees and minutes of each of these localities are 
given above the names - see § 7 ) - the length of daylight 
should be 14;27 

Almeria, Algeciras, Harran, Ra’s al- c Ayn, Shahrazur, 

Samarqand 

Seville, Malaga, Granada, Tudmir (Murcia), Sardinia, Shimshat, 
Edessa, al-Rayy 

Cordova, Baeza, Murcia, Jaen, Balkh, Jurjan 

Toledo, Talavera, Madrid, Calatrava, Ucles, Cuenca, 
Guadalajara, Azerbeijan, Akhlat 

Saragossa, Calatayud, Daroca, Lerida, Huesca, Barbastro 


1.3.6b—#118—Oxford MHS 
Ibr. b. Sa c ld al-Sahll, Toledo, 460 H 
H/5° and A/9°, some z, a, b, t+ 
23;51° 


21;40° 

13;20,40 

[-15”] 

Mecca, Yamama 

25 

13;35 

[0] 

Yathrib = Medina 

28;20 

13;50 

[0] 

Qulzum, Madyan, Kabul, Tawiyus, Dalas 

30 

13;58 

[0] 

Misr (Cairo-Fustat), c Ayn Shams (Heliopolis), Kirman, Kandahar, 
Mahruban 

33 

14;13 

[0] 

Baghdad, Damascus, Caesariya, Tunis (!!), Fez 

35;30 

14;27 

[0] 

Mosul, Rusafa, Manbij, Sicily, Ceuta 

36;30 

14;33 

[0] 

Almeria, Harran, Samarqand, Ra’s al- c Ayn, Shahrazur 

37;30 

14;39 

[0] 

Seville, Malaga, Granada, Bukhara, Edessa, Rayy 

38;30 

14;45 

[0] 

Cordova, Murcia, Baeza, Jaen, Marwarrudh, Balkh, Jurjan 

40 

14;54 

[0] 

Toledo, Talavera, Azerbeijan, Akhlat 

41;30 

15; 5 

[+1] 

Saragossa, alatayud, Huesca, Barbastro 
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1.3.6c—#123 = #1167—Rome OA 
Ibr. b. Sa'ld al-Sahll, Valencia, 463 H 
A/3° and A/6°, z, a 
23;51° 


22 

13;22 

[0] 

Mecca 

25 

13;35 

[0] 

Yathrib = Medina 

28;20 

13;50 

[0] 

Qulzum, Fayyum, Ahnas, Kabul, Tawiyus, Dalas 

30 

13;58 

[0] 

Misr (Cairo-Fustat), Kirman, Qandahar, c Ayn Shams (Heliopolis), 
Mahruban 

35;00 

14;27,30 [+27"] 

Tangiers, ?, Sicily, Manbij, ?, Mosul, Rusafa, ? 

36;30 

14;33 

[0] 

Almeria, Harran, Samarqand, Ra’s al- c Ayn, Shahrazur 

37;30 

14;39 

[0] 

?, ?, ?, ?, Mayyafariqin, ? 

38;30 

14;45 

[0] 

Cordova, Murcia, Baeza, Marwarrudh, Balkh, Jurjan 

40 

14;54 

[0] 

Toledo, ?, ?, Azerbaijan, Akhlat 

41;30 

15; 5 

[+1] 

Saragossa, Calatayud, Lerida, Rome ( Ruma ), Khwarizm 


Two additional sets of markings, of which at least the second is by another maker 
33 14; 13 [0] Baghdad, Damascus 

34;30 - - Tlemcen 

Plate of horizons, plate with trigonometric grids, possibly not original 
Some localities are illegible on the available photos 


1.3.7—#121—Kassel SKS 
Ibr. b. al-Sahll, Valencia, 478 H 
H/6° and A+/10 0 , z, a, b, t+ 
23;51° 


0° 

12 

[0] 

“what is below the celestial equator”, the Island of Ceylon, the 
Island of al-Yaqut and al-Jawhar 

13 

12;47 

[0] 

Aden 

19 

13; 10 

[0] 

Yemen, Tabala 

22 

13;22 

[0] 

Mecca 

25 

13;35 

[0] 

Yathrib = Medina 

30 

13;58 

[0] 

Misr (Cairo-Fustat), Kirman, Mahruban 

32 

14; 8 

[0] 

Kairouan, Ascalon, Tiberias 

33 ; 9 

14; 13 

[-1] 

Baghdad, Damascus, Caesariya 
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35;30 

14;27 

[0] 

Manbij, Sicily, Ceuta, Mosul 

36;30 

14;33 

[0] 

Almeria, Harran, Shumayshat, Samarqand (!) 

37;30 

14;39 

[0] 

Seville, Malaga, Granada 

38;30 

14;45 

[0] 

Cordova, Murcia, Baeza 

39;30 

14;50 

[-1] 

Valencia, Denia, Badajoz, Merida 

40 

14;54 

[0] 

Toledo, Calatrava, Ucles 

41;30 

15; 8 

[+4] 

Saragossa, Rome, Khwarazm 

Also 66;30 

° and 72 c 




Rays for latitudes 38;30° and 41;30° 


1.3.8a—#2527—Oxford MHS 

M. b. SaTd al-Sabban, Guadalajara, 474 H 

H/6° and A+/10 0 , t+, some t-, z, a, b 

21;40° Mecca, Yamama, Taif, Kuku 

42 Misr (Cairo-Fustat), Kirman, Madyan, al-xmdxxh (where x represents an unpointed 
carrier) (??) 

31;30 Alexandria, Kufa, Basra, Damietta, Sabur, Bistam (??!) 

33; 10 Baghdad, Fez, Damascus, Ascalon, Ifriqiyya, Tunis (!!) 

36;30 Almeria, Samarqand, Ra 3 s al- c Ayn, Harran, Tarsus, Massisa, Raqqa, Hamadan 
37;30 Granada, Malaga, Sardinia, Azerbeijan, Nishapur, Anbar (!), Bukhara, Edessa 
38;30 Cordova, Salobrena, Seville, Marseilles, Ibiza, Homs (!) 

39;30 Valencia, Badajoz, Denia, Malatya 
42 Toledo, Santarem 

42 Saragossa, Tortosa, Rome (Rumiya al-kubr[a ]) 

Rays for Saragossa and Valencia 


1.3.8b—#1139—Munich BNM 

32 

Kairouan, Kufa, Tiberias 

M. b. Sa'ld al-Sabban, 466 H 

33 

Baghdad, Jerusalem 

H/6° and A/10°, t+, t-, z, a 

35;30 

Ceuta, Sicily, Mosul, Rusafa 

- 

36;30 

Almeria, Malaga, Ra’s al- 
c Ayn, Samarqand 

21;30° Mecca, Yamama 

37;30 

Seville, Granada 

30 Misr (Cairo-Fustat), Tarsus 

38;30 

Cordova, Murcia, Baeza, Jaen 

(!!), Kirman (misspelled) 

39;30 

Valencia, Badajoz, Denia 
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40 

Toledo, Azerbeijan 

41;30 

Saragossa, Lerida 


1.3.9—#2572—Washington NMAH 
M. ibn al-Sahll, Valencia, 483 H 
H/6° and A/10° 


23;51° 


0° 

Equator (daylight 12 h ) 

18 

The (capital) city of China 

21;30 

Mecca 

24 

Medina 

27 

Akhmim 

36 

Almeria, C4 

37;30 

Seville, Malaga, Granada 
(daylight 14;39 h [0]) 

42 

Saragossa 

66 

- 

Seasonal hours are labelled animal, 

vegetable 

or mineral. 

1.3.10—#4040—PC 

Unsigned, undated 

H/6° and A/9°, z, a, b, t+ 

23;33°—see below 

-16;30 c 

’ “behind the equator in the 
south, latitude 16;30°” 

23 

Mecca, Jedda, Taif, Yamama, 
Siraf, al-Mansura in China (!) 

25 

Yathrib = Medina, Hajar, 

Bahrein 

30 

Misr (Cairo-Fustat), Kirman, 

Siniz (near Ahwaz), c Ayn Shams 
(Heliopolis) 


32 

Kairouan, Tiberias, Ascalon, 
Alexandria 

33 

Baghdad, Hit, Damascus, Tunis 
(!), Sale 

35 

Ceuta, Tangiers, Sicily, Mosul, 

m-l-z w-f-r (?) 

36 

Almeria, Harran, Samarqand, 

Ra’s al- c Ayn 

37;30 

Seville, Malaga, Granada, 
Bukhara, Rayy 

38;30 

Cordova, Marseilles (!! maybe 
my misreading of Messina), 
Marwarrudh, Balkh, Juijan 

45 

Constantinople, Burjan (???) 

Astrological houses for latitude 35°. Plate of 
horizons bears a scale showing obliquity 

23;33° 


1.3.11—#1099—Nuremberg GNM 

Ahmad b. M. al-Naqqash, Saragossa, 472 H 
H/6° and A/9°, some z, a, b, t- added later 

21;30° 

Mecca, Taif, Yamama, Beja 

25 

Medina 

31 

Alexandria, Damietta, Shapur 

33 

Baghdad, Damascus, Fes, 
Ascalon 

34;30 

Menorca (!!), Aleppo (!), 
Antioch (!), Basra (!!) 

35 

Ceuta, Sicily, Mosul, Rusafa 

36;30 

Almeria, Samarqand, Harran, 
Ra’s al-'Ayn 

37;30 

Seville, Granada, Anbar (!) 

38;30 

Cordova, Jaen, Jurjan, Balkh 

39;30 

Valencia, Badajoz, Majorca 

41;30 

Saragossa, Huesca, Calatayud 
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1.3.12a—#2572—Washington NMAH 

Unsigned, undated 

H/6° and A+/10 0 , z, a, t+, t- 

37° Granada and 38° Seville (on the 
same plate !) 

38;30 Cordova 

Seasonal hours marked animal, vegetable 
and mineral 


1.3.12c—#154—Chicago AP 
Unsigned, undated 
H/6° and A/10°, t- 
23;51° 

Toledo 40° 14;51 [-3] 

Burgos 42 15; 8 [0] 


(d) Earliest European astrolabes (selected) 


6.1.1—#3042—Paris IMA 

Unsigned, [Catalonia], undated [10 th C] 

H/6° and A/10° (only on plate for 41;30°) 

36 

39 

41;30 Roma et Francia 

45 

47;30 - 


6.1.2—#161—London BM 

Unsigned, provenance uncertain, undated 
[13 th ? C] 

H/?° 

15°—23°—30°—36°—41°—45°—48° 


6.1.3—#166—Oxford MHS 

Unsigned, provenance uncertain [Italy?], 
undated [13 th C] 


H/3° or H/6° 


Cl 

12 

C2 

24 

C3 

30 

C4 

36 

C5 

41 

C6 

45 

C7 

48 


6.1.4—#300—Oxford MHS 

Unsigned, provenance uncertain [England?], 
undated [13 th ? C] 

H/6° and A/10° 

25°—30°—35°—40°—45°—48° 

52°—55°—60° 


6.1.17—#589—Bemkastel-Kues NKS 
Unsigned, [Germany?], undated [13 th C?] 

H/? 
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Cl 

15° 

16°—30°—36°—40°—45°—48°—52° 

C2 

24 


C3 

30 


C4 

36 

6.3.1—#162—London SA 

C5 

41 

Unsigned, [Catalonia], undated [13 th C?] 

C6 

45 

H/5° and A/10° 

C7 

48 






32;30° [Jerusalem] 




38;30 [Cordova] 

6.2.1—#416- 

—Greenwich NMM 

39;40 [Valencia] 

Unsigned, [Catalonia], undated [13th C?] 

41 [Barcelona? C5?] 




42 [Gerona?] 

Damietta 

4 

31° 


Jerusalem 

3 

32 


Africa 

4 

33 

6.3.2*—#4560—PC 

Tripoli 

4 

34 

Unsigned, [Toledo?], undated [14 th C] 

Ceuta 

4 

35 

H/6° and A/10° 

Sicily 

5 

38 


Valencia 

5 

39 

32;30° [Jerusalem] 

Segovia 

5 

40 

40 [Toledo?] 

Barcelona 

6 

41 

42 [Saragossa ?] 

Pamplona 

6 

42 

43 [?] 

Macedonia 

3 

43 

45 [Vienne?, Lyon?] 

Genoa 

3 

44 

49;30 [Reims] 

Milan 

2 

45 

One original plate is missing; a replacement 

unnamed* 

7 

46 

plate has inscriptions in Arabic and serves 

* actually markings 

are for [41°] 

Algiers [ca. 35;30°] and [Mecca, ca. 21;30°] 

Notes: The place-names are in medieval 


Catalan. The information on the climates is 


confused. 



6.4.6—#202—PC 




Unsigned, [Picardy], undated [14 th C] 




H/5° and A/15° 


6.2.2—#558—Nuremberg GNM 

Unsigned, provenance uncertain,, undated 24°—30°—36°—41°—45°— 

[13 th ? C] 48°—50°—51° 

H/3° and A/10° or A/7;30° 








APPENDIX B: LIST OF INSTRUMENTS CITED IN THE TEXT 


Note: The numbers denoted by the symbol # are those of the International Instrument Checklist 
(for medieval and Renaissance instruments) currently in preparation. Numbers from 1 to 3999 
are those of Price et alAstrolabe Checklist. New numbers are assigned as follows: 4001-4999 
for additional astrolabes, 5001-5999 for quadrants, 6001-6999 for sundials, 7001-7999 for 
globes; 8001-8999 for miscellaneous; and 9001-9999 for fakes. The numbers preceded by § refer 
to the catalogue of medieval instruments currently in preparation in Frankfurt and are not yet 
definitive. Instruments with numbers less than #337 are treated in Gunther, Astrolabes. Other 
references are to literature in which the object in question has been catalogued or described in 
detail. For abbreviations in the statements of the provenance, see XVIII. 


#2 

#3 

#99 

#100 

#101 

#109=#3459 

#110=#135 

#111 

#116 

#117 

#118 

#121 

#122 


Brescia, MEC, inv. no. 36—Byzantine astrolabe dated 1062 (§1.1.1)—see Gunther, Astrolabes , I, 
pp. 104-108 (no. 2), based on Dalton, “Byzantine Astrolabe” (1926), and now XIIIa-4. 

Oxford, MHS, inv. no. IC 3—astrolabe by Ahmad and Muhammad, sons of Ibrahim al-Isfahanl, 
dated 374 H and fitted with a replacement rete datable to the 12 th century (§1.2.11)—see Gunther, 
Astrolabes , I, pp. 114-116 (no. 3), and now XIIIc-10. 

Paris, BNF, inv. no. Ge. A.324—astrolabe by Ahmad ibn Khalaf (Baghdad, 10 th century) (§1.2.3)— 
see Gunther, Astrolabes , I, p. 230 (no. 99), and now XIIIc-2. 

PLU, stolen from Palermo, MN—mater by Hamid ibn c All dated 343 H (§1.2.9a)—see Mortillaro, 
“Astrolabio arabo” (1848), and the more accurate account in Caldo, “Astrolabi di Palermo”, pp. 
6-9, and now XIIIc-8.1. 

Florence MSS, inv. no. 1113—unsigned undated Abbasid astrolabe with later (19 th -century?) 
additions by a European (the so-called “Astrolabe of Pope Sylvester II”) (§1.2.7)—see Gunther, 
Astrolabes , I, pp. 230-232 (no. 101), and now XIIIc-6. 

New York, MMA, inv. no. 91.1.535—astrolabe by the Yemeni Sultan al-Ashraf dated 690 H 
(containing an Abbasid plate with additional markings in Greek) (§1.1.2a, 1.2.15b, 1.5.12)—see 
King, “Yemeni Astrolabe”, now in XlVa. 

London, BM, inv. no. OA+371—unsigned, undated astrolabe (10 th century) with a rete in the early 
AndalusI “Abbasid” style (and additional markings by a European) (§1.3.2)—see Gunther, 
Astrolabes , I, pp. 244 (no. 110) and 280 (no. 135). 

Kuwait, PC—astrolabe by Hamid ibn Khidr al-Khujandl dated 374 H (§1.2.10)—see King, “Kuwait 
Astrolabes”, pp. 80, 82, 83-89 (no. 2), now in XIIIc-9. 

Berlin, SBOA, inv. no. 6567 (Sprenger 2050)—astrolabe by Muhammad ibn al-Saffar dated 420 
H (§1.3.3b)—see Gunther, Astrolabes , I, pp. 251-252 (no. 116), after Woepcke, “Arabisches 
Astrolab” (1855). 

Madrid, MAN, inv. no. 50762—astrolabe by Ibrahim ibn Sa c ld al-Sahll dated 459 H (§1.3.6a)— 
see Gunther, Astrolabes , I, pp. pp. 252-253 (no. 117), and Garcia Franco, Astrolabios en Espaha , 
pp. 229-235 (no. 12). 

Oxford, MHS, inv. no. IC118—astrolabe by Ibrahim ibn Sa c ld al-Sahll dated 460 H (§1.3.6b)— 
see Gunther, Astrolabes , I, pp. 253-256 (no. 118). 

Kassel, SKS, inv. no. A38—astrolabe by Ibrahim ibn al-Sahll dated 478 H (§1.3.7)—see Gunther, 
Astrolabes , I, p. 263 (no. 121). 

Florence, MSS, inv. no. 1105—astrolabe by Muhammad ibn Abi ‘1-Qasim al-Isfahanl al-Salihanl 
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#123 

#135 

#154 

#161 

#162 

#166 

#167 

#169 

#191 

#202 

#291 

#299 

#300 

#303 

#416 

#420 

#558 

#589 

#640 

#1026 

#1079 

#1099 


dated 496 H (§1.2.12)—see Gunther, Astrolabes , I, p. 263 (no. 122), and now XIIIc-11. 

Rome, OA, inv. no. ?—astrolabe by Ibrahim ibn Sa c ld al-Sahll dated 463 H (§1.3.6c)—unpublished. 
See #110. 

Chicago, AP, inv. no. M-36—astrolabe by Muhammad ibn Yusuf ibn Hatim, dated 638 H (§1.6.3), 
with a spurious plate (§1.3.1 le)—see Gunther, Astrolabes , p. 300 (no. 154), and Chicago AP 
Catalogue , II, to appear.. 

London, BM, inv. no. 1961 12-1 1—unsigned, undated astrolabe for the seven climates (§6.1.2)— 
see Gunther, Astrolabes , I, p. 306 (no. 161); and London BM Catalogue , pp. 110 and 112 (no. 323). 
London, SA, inv. no. Cat. 559—astrolabe with a rectangular frame inside the ecliptic on the rete 
and plates for latitudes down to that of [Palestine] (§6.3.1)—see Gunther, Astrolabes , I, pp. 306- 
309 (no. 162), based on Read (1893), and, more recently, King & Maier, “London Catalan 
Astrolabe”. 

Oxford, MHS, inv. IC 166—Italian astrolabe with plates for the climates (§6.1.5)—see Gunther, 
Astrolabes , I, pp. 316-317 (no. 166). 

London, BM, inv. no. 67 7-5 22—Italian astrolabe for the climates (§6.1.6)—see Gunther, 
Astrolabes , I, p. 317 (no. 167); and London BM Catalogue , p. 114 (no. 329). 

Oxford, MHS, inv. no. IC 169—unsigned, undated Italian astrolabic plate for the 2 nd climate and 
a rete of the “myrtle” variety combining northern and southern projections (§6.1.9)—see Gunther, 
Astrolabes , I, pp. 319-320 (no. 169), and King, “Italian Astrolabe”, now in XHId. 

Oxford, MHS, inv. no. IC 191—Spanish (?) astrolabe (for Saragossa and other latitudes, with later 
additions for Paris) (§6.2.4)—see Gunther, Astrolabes , I, pp. 340-341 (no. 191). 

PC—late-14 th -century Picard astrolabe bearing monastic ciphers, with an inscription by Berselius 
dated 1522 (§6.4.6)—see King, The Ciphers of the Monks , pp. 131-151 and 406-419. 

London, BM, inv. no. 1909 6-17 1—Anglo-French astrolabe with plates for Montpellier, Oxford 
and elsewhere, dated 1326 (§6.6.2)—see Gunther, Astrolabes , I, pp. 465-467 (no. 291); and London 
BM Catalogue , pp. 112-113 (no. 325). 

Oxford, Museum of the History of Science, inv. no. 55-35—14th-century English astrolabe (“The 
Painswick astrolabe”) (§6.6.3)—see Gunther, Astrolabes , II, pp. 475-476 (no. 299). 

Oxford, MHS, inv. no. IC 300—English or French astrolabe for latitudes between 24° and 60°, 
including for [Paris] and [London] (§6.1.4)—see Gunther, Astrolabes , I, p. 477-478 (no. 300). 
Oxford, MC—English mater with plates for the climates (§6.1.16)—see Gunther, Astrolabes , I, p. 
482 (no. 303). 

Greenwich, NMM, inv. no. A21/NA36-21c—unsigned, undated Catalan astrolabe from ca. 1300 
(§6.2.1)—previously unpublished; see King & Maier, “London Catalan Astrolabe”, pp. 694-695; 
and Greenwich Astrolabe Catalogue (forthcoming). 

Greenwich, NMM, inv. no. 39.693.A43—medieval French astrolabe for the upper climates 
(§6.1.7)—unpublished; see Greenwich Astrolabe Catalogue (forthcoming). 

Nuremberg, GNM, inv. no. WI 282—medieval European astrolabe of uncertain provenance with 
plates for latitudes from 16° to 52° (§6.1.14)—see King, “Nuremberg Astrolabes”, II, pp. 574-576 
(no. 1.72). 

Bemkastel-Kues, NKS, inv. no. 3—mater and plates for the climates owned by Nikolaus of Cusa 
(§6.1.17)—see Hartmann, “Instrumente des Nikolaus Cusanus”. 

PC—astrolabe dedicated by Ioannes (Regiomontanus) to Cardinal Bessarion in 1462 (§6.9.3)—see 
King & Turner, “Regiomontanus’ Astrolabe”. 

Oxford, MHS, inv. no. 57-84/155—undated astrolabe (10 th century) by Khaflf (§1.2.2a)—see Oxford 
MHS Billmeir Supplement Catalogue , pp. 16-18 (no. 155), and now XIIIc-1.1. 

Palermo, MN, inv. no. ? (stolen)—an undated astrolabe by Ibrahim ibn c Abd al-Karlm (§1.3.5b)— 
unpublished. 

Nuremberg, GNM, inv. no. WI 353—astrolabe by Ahmad ibn Muhammad al-Naqqash dated 472 
H (§1.3.11)—see King, “Nuremberg Astrolabes”, II, pp. 568-570 (no. 1.70). 
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#1130 Cairo, MIA, inv. no. 15351—an undated mater by Nastulus (§ 1.2.4b)—previously unpublished; see 

now XIIIc-3b. 

#1139 Munich, BNM, inv. no. 33/243—astrolabe by Muhammad ibn Sa c ld al-Sabban dated 496 H or 466 

H (§1.3.8b)—see Munich Astrolabe Catalogue , pp. 145-159 (no. 1). 

#1167 See #123. 

#1179 PLU, formerly Berlin PC—undated astrolabe (10 th century) by Muhammad ibn Shaddad (al-Baladl) 

with a later Maghribi rete (§1.2.5)—see Dorn, “Drei arabische Instrumente”, pp. 461-464, and now 

XIIIc-4. 

#2527 Oxford, MHS, inv. no. 57-84/157—astrolabe by Muhammad ibn Sa c ld al-Sabban dated 474 H 

(§1.3.8a)—see Oxford MHS Billmeir Supplement Catalogue , pp. 18-19 (no. 157). 

#2529 Oxford, MHS, inv. no. 57-84/156—a solitary rete attributable to Khaflf (§ 1.2.2b)—see Oxford MHS 

Billmeir Supplement Catalogue , p. 18 (no. 156), and now XIIIc-1.2. 

#2572 Washington, NMAH, inv. no. 318178—astrolabe by Muhammad ibn al-Sahll dated 483 H with a 

replacement rete bearing Hebrew inscriptions (§1.3.9)—see Washington NMAH Catalogue , pp. 174- 
177 (no. 2752) (with illustrations of the front and back) (also mentioned in my “Review”); Goldstein 
& Saliba, “Astrolabe with Hebrew Star Names” (with more illustrations); and now Lacerenza, “II 
ragno ebraico deh’astrolabio di Ibn al-Sahll”. 

#3042 Paris, IMA, inv. no. AI 86-31—unsigned, undated astrolabe from Catalonia, late or early 10 th century 

(§1.6.1)—see Stevens et al ., eds., The Oldest Latin Astrolabe , and Vernet Festschrift , II, pp. 655- 
672, and also XIIIa-9. 

#3459 See #109 

#3501 Kuwait, DAI, inv. no. LNS 36M—astrolabe by (Muhammad ibn 'Abdallah known as) Nastulus, 

dated 315 H (§1.2.4a)—see King, “Kuwait Astrolabes”, pp. 79-83 (no. 1), now in XIIIc-3.1. 

#3522 See #4180. 

#3527 See #4180. 

#3549 See #4180. 

#3622 Cracow, JUM, inv. no. 4037—35/V—unsigned Andalusl astrolabe dated 446 H, with later 

inscriptions in Catalan (§1.3.4)—see, most recently, Maier, “Astrolab aus Cordoba”. 

#3650 Edinburgh, RSM, inv. no. T1959-62—mater and plates Muhammad ibn al-Saffar dated 417 H, fitted 

with a later Eastern Islamic rete (§1.3.3a)—unpublished. 

#3702 Baghdad, AM, inv. no. 9723—an early (8 th - or 9 th -century?) astrolabe with some replacement 

markings probably by Ahmad ibn Kamal, whose name is engraved on the throne in the same late 
Ottoman hand (§1.2.1)—see Stautz, “Die fmheste Formgebung der Astrolabien”, with references 
to an earlier study by Faransls & Naqshbandl, “Baghdad Astrolabes”, and now XIHb. 

#3713 Cairo, MIA, inv. no. 15352—mater by Hamid ibn 'All with an illegible date [3]?4 H, replacement 

rete and plates (§1.2.9b)—previously unpublished; see now XIIIc-8.2. 

#3714 Fez, DB, inv. no. ?—a mater by Ibrahim ibn c Abd al-Karlm dated 458 H (§1.3.5a)—unpublished. 

#3904 See #4180. 

#3919 See #4180. 

#4020 Fondon, PC—a badly-corroded 10 th ?-century Eastern Islamic astrolabe (§1.2.14)—previously 

unpublished; see now XIIIb-4. 

#4021 Copenhagen, DS—a solitary 10 th ?-century Eastern Islamic plate with ogival markings (§1.2.13)— 

previously unpublished; see now XIIIc-12.1. 

#4022 Fondon, SM, inv. no. 1981-1380—an unsigned, undated (10 th -century) Abbasid mater and plates 

(§1.2.8)—see Linton Collection Catalogue , p. 83, no. 160; and now XIIIc-7. 

#4023 See #1130. 

#4024 Paris, BNF, manuscript lat. 7412, fols. 19v-23v—astrolabe by Khalaf ibn al-Mu c adh illustrated in 

a Fatin manuscript (§1.3.1)—see Van De Vyver, “Premieres traductions”; and Destombes, 
“Astrolabe carolingien”, pp. 23 and 41-43, and Kunitzsch, “10 th -Century Astrolabe”. 
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#4025 Palermo, MN, inv. no. ?—a solitary plate attributable to Muhammad ibn al-Saffar (§1.3.3c)— 

unpublished. 

#4030 Florence, UG, inv. no. U1454A recto and verso—drawing by Antonio da Sangallo the Younger 

(1520) of an astrolabe by Khaflf (§ 1.2.2c)—see Saliba, “Astrolabe by Khaflf’; and now XIIIc-lc. 

#4040 PC, Belgium—a set of plates from an ll th -century AndalusI astrolabe—see Sotheby’s London 

30.5.1991 Catalogue , p. 136 (lot 391). 

#4180 Rockford, TM, inv. no. 507—undated (10 th -century?) astrolabe by al-Muhsin ibn Muhammad al-Tablb 

(§ 1.2.6) (previously numbered #3522, #3527, #3549, #3904 and #3919)—see Rockford TM Catalogue , 
pp. 60-63 (no. 1), and now XIIIc-5. 

#4509 PC, Belgium—a medieval European astrolabe with a single plate with markings in Byzantine Greek 

(§1.1.2a)—unpublished. 

#4518 PC, Belgium—a medieval English astrolabe (§6.6.11)—unpublished: see Brussels SG 1984 

Exhibition Catalogue , p. 37 (no. 7); and King, Ciphers of the Monks , pp. 305 and 308. 

#4523 PC, Germany—a Northern Italian astrolabe dated 1420—see Stautz, “Astrolab aus dem Jahr 1420”. 

#4560 PLU—a 14 th -century Spanish astrolabe with inscriptions in Hebrew, Latin and Arabic (§6.3.2*)— 

see King, “Medieval Spanish Astrolabe with Inscriptions in Latin, Hebrew and Arabic”, now in XV. 


Part XVII 

The quatrefoil as decoration on astrolabe retes 




To the memory of Myron Bement Smith 




DEDICATION, 

ACKNOWLEDGEMENTS AND NOTES ON THIS VERSION 


This study is dedicated to the memory of a historian of Islamic architecture and culture who 
inspired me to pursue my graduate studies in one of the best departments of Near Eastern 
Languages and Literatures in the world. Myron Bement Smith (1897-1970), then based at the 
Library of Congress, was looking for an assistant to help organize his “Islamic Archive”, 
including hundreds of slides of Islamic architecture. (This collection is now in the Freer Gallery 
of Art and Arthur M. Sackler Gallery Archives.) In 1968 I had an introduction to Myron B. 
Smith from Dr. Doug Tushingham of the Royal Ontario Museum in Toronto and I drove down 
from Toronto to Washington to meet him. We both soon realized that neither his nor my interests 
would be well served by my organizing his slides, and he suggested that I apply for graduate 
studies at a series of American universities that he favoured: Yale, Harvard, Columbia and 
Michigan. On the way back to Toronto, I visited Yale, met with Professors Franz Rosenthal 
and Marvin Pope, and within a few months was established there. 

Years later, when I was working on published plans of Islamic architecture at the Institute 
of Fine Arts in New York, I found to my pleasure that the plans prepared by Myron B. Smith 
were amongst the only ones in the entire corpus of published literature on Islamic architecture 
that were correctly oriented, so that I could be confident of the actual orientations of various 
mosques and madrasas (see Vila). Myron Smith had taken the trouble to state precisely how 
he had established the directions of the true north pointers on his plans. 

In the published literature on astronomical instruments the reader will find several descriptions 
of astrolabes with quatrefoil decoration in which the quatrefoils are ignored altogether. But they 
have a message for us. This study is intended as a small contribution by a historian of Islamic 
science to a topic of interest to the history of Islamic and medieval European art. Maybe now 
these quatrefoils will be taken seriously. Parts of this study appeared as an appendix “The 
Quatrefoil on Medieval Astrolabe Retes” in my The Ciphers of the Monks—A Forgotten Number 
Notation of the Middle Ages, Stuttgart: Franz Steiner, 2001, pp. 380-390, but since that study 
was primarily concerned with medieval European astrolabes, I have here expanded the section 
on Islamic astrolabes with quatrefoil decoration to include all significant examples. 

Do we need a study of these quatrefoils by a historian of Islamic science? In response, I would 
just like to point out that in all of the secondary literature on medieval European art known 
to me, not a single medieval European astrolabe is featured. Most recently, even in the splendid 
exhibition “Gothic—Art for England 1400-1547”, held at the Victoria and Albert Museum, 
London, in 2003, not a single English astrolabe was included. 

About a dozen years ago, I worked to put together a book-length manuscript entitled Ciphers, 
Monks and Virgins—Forgotten Episodes in Medieval History. Perhaps naively, I thought that 
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this might be of interest to people who cared to read about new topics in medieval European 
science, art and religion. In this work, I attempted to present: 

(1) a forgotten number-notation of ciphers used by monks all over Europe in the Middle Ages, 
admittedly in very limited circles; 

(2) an astrolabe with quatrefoil decoration bearing these ciphers from 14 th -century Picardy, 
that was later owned by a Humanist monk in 16 th -century Liege who also possessed one 
of the most beautiful statues of the Virgin and Child; and 

(3) a virgin saint from 14*-century Flanders whose cult spread all over Europe and whose 
images—a bearded woman on a cross—have confused both believers and scholars over 
the centuries, to such an extent that the accounts of her in serious and popular dictionaries 
of saints are mainly absurd. 

I found no interest in this book amongst potential publishers, and so I have published sections 
of it elsewhere.* Here, then, is the part on quatrefoils. 


* On the ciphers, which were originally used mainly in Cistercian circles, see my The Ciphers of the Monks — 
A Forgotten Number-Notation of the Middle Ages, Stuttgart: Steiner, 2001. The ciphers are featured on an astrolabe 
from medieval Picardy. On this astrolabe in the context of medieval French instrument-making, see ibid., pp. 131- 
142 and 391-419. On its quatrefoil decoration see ibid., pp. 380-390 and 406. The astrolabe was eventually owned 
by a Benedictine monk. On the monk and his Humanist connections see ibid., pp. 143-151. On the same monk’s 
magnificent statue of the Virgin see ibid., pp. 420-426. Now the monk worked for a bishop-prince who erected an 
altar to a crucified bearded virgin saint, whose cult has been seriously misunderstood by historians and is usually 
completely distorted in the modern literature. On her see now my study “The Cult of St. Wilgefortis in Flanders, 
Holland, England and France”, in Am Kreuz - Eine Frau: Anfdnge - Abhangigkeiten - Aktualisierungen, Sigrid 
Glockzin-Bever and Martin Kraatz, eds., in Asthetik - Theologie - Liturgik (Munster: LIT Verlag) 26 (2003), pp. 
55-97. 
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0 Introductory remarks 


“The small quatrefoil (on rete of the Society of Antiquaries’ astrolabe) is an interesting survival 
of great antiquity.” R. T. Gunther, Astrolabes of the World (1932), II, p. 307, on the Catalan 
astrolabe from ca. 1300 (#162—see Fig. 3.1). 

“Quatrefoil:... A characteristic device in Byzantine decoration and Gothic tracery and carving, 
that regained popularity in the Gothic revival. Sometimes stated to be based on the four- 
leafed clover; reliable authorities believe the quatrefoil to be a strictly Christian motif—a 
form of Greek cross with rounded ends, or of the nimbus with four arcs representing the four 
Evangelists.” M. Stafford & D. Ware, Dictionary of Ornament (1974), p. 176. 

“Passe gehoren zu den Standardformen der Gotik. Sie kommen wahrend des 13. und 14. 

Jahrhunderts fast uberall vor.Der weitaus haufigste aller Passe ist allerdings der VierpaB. 

Er symbolisiert die irdische Sphare als solche—die aus vier Elementen bestehende, nach vier 
Himmelsrichtungen ausgedehnte, den vier Winden und dem Zyklus der vier Jahreszeiten 
unterworfene, von vier Temperamenten belebte und ihrer sozialen Ordnung von der Geltung 
der vier Kardinaltugenden (Gerechtigkeit, Starkmut, Klugheit und MaBigkeit) abhangige Welt. 
Dem VierpaB konnte alles eingebettet werden, was mit dem Leben auf Erden zusammenhangt 
und sich im Irdischen abspielt ... .” A. Perrig, Ghibertis Paradiesestur (1987), pp. 35-36. 

The quatrefoil as a decorative feature on medieval astrolabes provides an example of the importance 
of these objects as scientific works of art. 1 It is common knowledge that the quatrefoil and trefoil 
dominant features in Gothic architecture; they are widely used in Andalusl decorative art, 2 and 
they are found in Christian Spain (Toledo and Burgos), and especially in France, from about 1200 
onwards. 3 They appear but rarely in Romanesque architecture, and some examples that come to 
mind have been labelled later additions. But less well known is the fact that there are numerous 
examples of quatrefoils in European art, if not architecture, from the 10 th century to the 12 th : they 
are found on reliquaries, altars, and book illuminations. 4 Yet the quatrefoil is also a Byzantine and 


1 On symbolism, religious and secular, in medieval European art and architecture the following sources are 
available. A useful dictionary, arranged alphabetically by type, and deliberately made simple enough for a child 
to understand, is Ferguson, Signs & Symbols in Christian Art. See also Hulme, Symbolism in Christian Art. Also 
valuable, and not restricted to religious motifs, is Stafford & Ware, Dictionary of Ornament. Lexicons of religious 
symbolism prepared by religious savants such as Beigbeder, Lexique des symboles, and De Champeaux & Sterckx, 
Symboles , contain remarkably little of real importance and nothing of relevance to this study. On Gothic 
architecture, sculpture and painting in general, see, for example, Deuchler, Gothic , richly illustrated and with a 
useful bibliography. 

2 For decorative art in Andalusl architecture the best study is Pavon Maldonado, El arte hispanomusulman. 
On the quatrefoil and variations thereon see ibid., pp. 69-75, and figs. 98, 102, 104 (no. 23), and pis. XLIIb and 
CLXII (Alcazar, Seville), CLXXIV (Casa de Pilatos, Seville), and CLXXXIV (Madinat al-Zahra ).. For quatrefoil 
decoration in Hispano-Mauresque art, which does not specifically concern us here, see also XV-3.26. 

3 On the quatrefoil in Gothic art and architecture see Deuchler, Gothic , p. 8, and also the penetrating remarks 
in Perrig, Ghiberti’s Paradiesestur , pp. 35-36, quoted above. Another important study is Baltrusaitis, Le Moyen 
Age fantastique , pp. 102-107, translated in Dasphantastische Mittelalter , pp. 127-133. In this last-mentioned work, 
several examples of Islamic, Byzantine and European quatrefoils are compared. Most reference works on medieval 
art and architecture take the quatrefoil for granted (as does Deuchler). 

4 Yet earlier quatrefoils are found on a 7th-century pendant from Ash, Kent, which has a “spotted quatrefoil 
knot” at the centre of an equal-armed cross, and on the Strickland brooch, a magnificent piece of Anglo-Saxon 
jewellery dated to the mid 9 th century ( London BM 1984 Exhibition Catalogue , p. 25, no. 8, and pp. 232-233, 
no. 189). An 1 l th -century Latin Evangelistarium of uncertain provenance contains an illustration of the 12 apostles 
around a dove representing the Holy Spirit, with the apostles arranged in four groups in the leaves of a quatrefoil 
(Voge, Deutsche Malerschule , pp. 142-143, and p. 274 and Abb. 34). There is also a quatrefoil on the title-page 
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an Islamic motif, and in its manifestation in Gothic art and architecture, it came to Europe via 
Spain. One of the other vehicles by which the quatrefoil was introduced into Europe was the 
astrolabe. We can in fact trace this specific case of transmission more easily than we can trace the 
influences behind the appearance of the quatrefoil in European art and architecture generally. 

The quatrefoil appears to be originally a Byzantine motif that is, however, not widely attested 
in Byzantine art and architecture. There it occurs in a floral, strictly decorative, context, rather 
than as a symbolic motif as it is usually interpreted in the medieval European context. * * * * 5 The 
quatrefoil was not widely adopted in Islamic art and architecture, except in al-Andalus, that is, 
that part of the Iberian peninsula that was under Muslim domination at any given time, although 
we shall have occasion to mention one surviving Latin astrolabe from 14 th -century Toledo (see 
below and also XV). But even in Eastern Islamic decorative art, 6 there was one notable exception 
to this, namely, the quatrefoils on a sub-group of Eastern Islamic astrolabes. Already Robert 
Gunther in the early 1930s realized the significance of the presence of these quatrefoils. 63 


of the Evangelium of Kaiser Otto III from Reichenau, ca. 1000 ( Cologne SM 1991 Exhibition Catalogue, p. 22, 

134 and 138, no. 36). Whilst the origin of these appears to be indigenous, another early quatrefoil on a 12th- 

century fresco in the Chapelle du Saint-Crucifix of the Cathedrale Notre-Dame du Puy at Le Puy-en-Velay 

(illustrated in Comte, Le Puy-en-Velay , p. 110), an important pilgrimage-centre in its own right and also a station 
on the road to Santiago de Compostela, may, in this case, indicate Byzantine influence. Some examples from 
other items of 12 th - and 13 th -century religious artefacts are featured in Cologne SM 1985 Catalogue , II, pp. 296- 
298, and 348, III, pp. 101-104, 163 and 167-168; and London HG 1984 Exhibition Catalogue , p. 278. On Gothic 
rose-windows see, for example, Mobius & Mobius, Bauornament im Mittelalter , pp. 91-110. 

5 For example, a quatrefoil, very botanical in appearance, is found as decoration on a house in Baqouza in 
Syria which goes back perhaps as far as the 4th century (Diet. arch, chret ., 11:1, cols. 469-478 (by H. Leclercq) 
especially cols. 473 and 478 (after Vogue)). I have found the quatrefoil elsewhere in Islamic patterns only on 
a stucco relief frieze from the palace of al-Rafiqa just outside the walls of al-Raqqa in Northern Syria, dated 
to ca. 835, and now preserved in the Archaeological Museum in Damascus (illustrated in Washington 1985 Syria 
Exhibition Catalogue , pp. 514-515, no. 256): on this frieze alternate four- and six-leaf medallions with external 
and internal foliate decoration are featured (for a hexafoil at Mshatta see the articles “Architecture” by K. A. 
C. Creswell in El pi. XIII, and “al-Mushatta” by Priscilla Soucek). The dating of the imposing decorations of 
Mshatta, a palatial, ruined structure some 35 km south of Amman, which include such foliate motifs, constitutes 
a severe problem for architecture historians, as yet unresolved, so I shall not dwell on these decorations here. 
More examples are given in Baltru-aitis, op. cit. Not a single quatrefoil is depicted in Evans, The Arts of Byzantium, 
so that one should beware of generalizations. 

6 At the Medieval Iraq Study Day held at the British Museum on May 15, 2004, Dr. Jessica Hallett (Lisbon) 
showed a quatrefoil on a decorated ceramic bowl from 9 th -century Basra recovered in China. Dr. Hallett kindly 
informed that this is featured in her doctoral dissertation Early Islamic Ceramics from Basra, Iraq , (Oxford 
University, 1994), pi. 78a, and sent me pictures in less seconds than the months the bowl had taken to reach 
its final resting-place. However, and con tutti rispetti , al-Khujandl’s quatrefoil (see Fig. 1.1) is far nicer, and 
more sophisticated, than the stylized pointed petals surrounding a central square that are found on this bowl. I 
would be interested to learn of any 9 th - or 10 th -century quatrefoils cut out of metal , be they on Byzantine or Islamic 
pieces. As yet, I have nothing with which to compare al-Khujandl’s quatrefoil. 

6a The remarks in Gunther, Astrolabes , I, pp. 114, 118, 237, 245 and 300, and II, pp. 307, 463, 469, etc. (in each 
case also the accompanying illustrations) are of interest. My own early investigations are recorded in King, 
“Astronomical Instruments between East and West”, pp. 154 and 170; idem , “Kuwait Astrolabes”, p. 85, now in 
XIIIb-9; idem & Maier, “London Catalan Astrolabe”, pp. 680-682; and idem. The Ciphers of the Monks, pp. 380- 
390. 
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1 Eastern Islamic astrolabes 

We can safely assume—although there is no direct evidence—that quatrefoils were also found 
on certain Byzantine astrolabes, all now lost, and that it was these that provided the inspiration 
for the earliest quatrefoils on Eastern Islamic astrolabes. * * 3 * 5 * 7 We find, for example, a prominent 
quatrefoil on 

#111 the spectacular rete of the astrolabe of Hamid ibn Khidr al-Khujandl, made in Baghdad 
in the year 374 H [= 984/85] (Fig. 1.1). 8 

There is, in fact, a series of astrolabes from the Islamic East up to the 17 th century that exhibit 
this same feature, and they were clearly inspired by the al-Khujandl tradition. The first and third 
are from Isfahan, which in the late 10 th and 11 th centuries developed into an important centre 
of astronomy (see XIIIc-10-11): 

#3 a replacement rete datable ca. 1100 on an astrolabe made in Isfahan in the late 10 th 
century (Fig. 1.2); 9 

#2557 an astrolabe by Badr (ibn 'Abdallah), mawla of Hibatallah, dated 525 H [= 1130/31], 
probably in Baghdad (Fig. 1.3); 10 

#5 a geared astrolabe by Muhammad ibn Abl Bakr ibn Muhammad al-Rashidl al-Ibarl al- 
Isfahanl, dated 618 H [= 1223/24] (Fig. 1.4); 11 
#2505 an astrolabe signed by Shams al-Dln Muhammad Saffar in 911 H [= 1505/06] (Fig. 
1.5), 12 whose various other instruments are also decorated with quatrefoils (see, for 
example, Fig. XIIIc-8.2a); 13 and 


7 A parallel development is the use of a bird-shaped pointer for the star Vega. This occurs on Byzantine 
astrolabes, of which the only surviving example is: 

#2, dated 1062 (Brescia, Museo dell’Eta Cristiana, inv. no. 36—see Dalton, “Byzantine Astrolabe”; and 
Gunther, Astrolabes , I, pp. 104-108 (no. 2), based on Dalton; Stautz, “Die fruheste Formgebung der 
Astrolabien”, pp. 319-320; and XIIIa-4; 
the earliest surviving Islamic astrolabe, from 8 th - or early-9 th -century Baghdad 

#3702, (Baghdad, Archaeological Museum, inv. no. 9723)—see Fransis & Naqshbandi, “Baghdad Astrolabes”, 
pp. 12-13 and pis. 2-3; Stautz, “Die fruheste Formgebung der Astrolabien”, pp. 320-322; and now XHIb; 
a few early Islamic astrolabes such as 

#5, from Isfahan, dated 1223/24 (see n. 11 below), 
and one of the earliest surviving European astrolabes, 

#162, from Catalonia, ca. 1300 (see n. 21 below). 

The bird becomes a common feature on late Islamic astrolabes, but falls out of use in Europe. It is worthy of 
note that on two of the above-mentioned examples (#5 and #162) we find a bird and a quatrefoil. On the latter 
the eagle has become a cock. 

8 Kuwait, private collection—see King, “Kuwait Astrolabes”, pp. 80, 82, and 83-89, now in XIIIc-9. 

9 Oxford, Museum of the History of Science, inv. no. ICC3—see Gunther, Astrolabes , I, pp. 114-116 (no. 

3) and pis. XXII-XXIII (astrolabe of the brothers Ahmad and Muhammad, sons of Ibrahim al-Isfahanl, dated 
374 H), and now XIIIb-10. 

10 Chicago, Adler Planetarium, inv. no. A84—see Chicago AP Catalogue, II, in press. 

11 Oxford, Museum of the History of Science, inv. no. 2015—see Gunther, Astrolabes , I, pp. 118-120 (no. 

5) and pis. XXV-XXVI. 

12 Oxford, Museum of the History of Science, inv. no. 57-84/158—see Oxford MHS Billmeir Supplement 

Catalogue , pp. 19-20 (no. 158) and pi. XVII, in which the quatrefoil is overlooked. 

13 On the other instruments see Mayer, Islamic Astrolabists , pp. 75-76. The rete in XIIIc-8.2 is unsigned 

but clearly by Shams al-Dln Saffar. On one that has been published and illustrated see Gunther, Astrolabes , 

I, pp. 241-242 ( ad #108), where the piece is misdated to 1288 and the quatrefoil is overlooked. 
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Fig. 1.3: The quatrefoil on the rete of an astrolabe by Badr (ibn ‘Abdallah), mawla of Hibatallah, dated 525 
H [= 1130/31] (#2557). [Courtesy of the Adler Planetarium, Chicago.] 


#2708 an astrolabe by Wafa’-yi Munaiiim, location uncertain, possibly India, dated 1017 H 
[= 1608/09] (Fig. 1.6). 14 

A single example from early-13 th -century Syria shows a larger but less pronounced quatrefoil 
in a different position, namely, at the bottom of the rete. This is: 


i — 

Fig. l.l:The quatrefoil on the rete of the astrolabe made by al-Khujandl (#111) in Baghdad in the year 374 H 
[= 984/85]. The quatrefoil was surely inspired, not necessarily directly, by one on a Byzantine astrolabe. [Private 
collection, photo courtesy of the owner.] 

Fig. 1.2: The quatrefoil on the replacement rete from ca. 1100 for a late-10 th -century astrolabe made in Isfahan 
(#3). [Courtesy of the Museum of the History of Science, Oxford.] 


14 Point Lookout, New York, collection of Leonard Linton—see Linton Collection Catalogue , pp. 121-123 
(no. 179). 
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Fig. 1.4: The quatrefoil on the rete of the geared astrolabe made in Isfahan in 618 H [= 1222/23] (#5). This 
is a different kind of quatrefoil from all the others featured here. The four feuilles are shaped more like horse¬ 
shoes than the standard semi-circular protrusions around the sides of a hypothetical base square. This feature 
merits further investigation. [Courtesy of the Museum of the History of Science, Oxford.] 
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Fig. 1.6: The quatrefoil on an astrolabe by Wafa 3 - 
yi Munajjim dated 1017 H [= 1608/09] (#2708). 
[Photo from the archives of Alain Brieux, courtesy 
of Dominique Brieux.] 

i — 

Fig. 1.5: The quatrefoil on a typical astrolabe by 
Muhammad Saffar, this one (#2505) dated 911 H 
[= 1505/06], [Courtesy of the Museum of the 
History of Science, Oxford.] 


#104 the magnificent astrolabe with zoomorphic decoration made by c Abd al-Karlm al-Misrl 
in Damascus in 633 H [= 1235/36] (Fig. 1.7). 15 
Inside the upper ecliptic we now find a knotted design, and whether by accident of design, a 
small quatrefoil and a small pentafoil are to be found in the middle of this. 

Another example illustrates the fact that the same kind of quatrefoil decoration that we find 
on the astrolabe of al-Khujandl was in use in 14 lh -century Syria, and by chance influenced one 
particular instrument from mid-17 lh -century Lahore: 

#4201 a universal astrolabe made in Lahore ca. 1650 (Fig. 1.8). 16 

This was copied from a universal astrolabe of the Aleppo astronomer Ibn al-Sarraj ca. 1325, 
the leading instrument-maker of the late Islamic period. 17 


15 London, The British Museum, inv. no. 55 7-9 1—see Gunther, Astrolabes, I, pp. 236-237 (no. 104); and 
Michael Rogers in Washington LC 1992 Exhibition Catalogue, pp. 215-216 (no. 112), particularly useful on the 
inscription. 

16 London, Ahuan Gallery—see Christie’s London 4.10.1995 Catalogue, pp. 20-21 (lot 61), and now XlVg. 

17 On Ibn al-Sarraj and his universal astrolabe see now XIVb-5, and the references there cited. 
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Fig. 1.7: Traces of a quatrefoil on lower rim of the rete of an astrolabe by c Abd al-Karlm al-Misrl in 633 H 
[= 1235/36] (#104). [Courtesy of the British Museum, London.] 



Fig. 1.8: The quatrefoil on the rete of a universal astrolabe made in Lahore in the middle of the 17 th century 
(#4201), copied from a (lost) 14 th -century Syrian universal astrolabe by Ibn al-Sarraj that was decorated in the 
tradition of al-Khujandl. [Photo courtesy of Christie’s of London.] 
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Figs. 1.9a-d: Quatrefoils on various retes on late (a-b), degenerate (c) and fake astrolabes (d). 


Some degenerate quatrefoils are found on various late, degenerate or fake astrolabes: see Figs. 
1.9a-d. 18 


2 Western Islamic astrolabes 

Whilst no 10 th - or 1 l lh -century Andalusl astrolabes bear any quatrefoil decoration (and none 
survive from the 12 th century), the rete of 

#154 an astrolabe made by Muhammad ibn Yusuf ibn Hatim in 638 H [= 1240/41] (Fig. 2.1) 19 


18 For a good illustration of another degenerate quatrefoil, in the form of a circular ring, on a fake astrolabe, 
see London Khalili Collection Catalogue, I, p. 195 (no. 119), although the conclusions regarding the connection 
to al-Khujandl’s astrolabe are incorrect (see my “Review”, col. 257). 

19 Chicago, Adler Planetarium, inv. no. M36—see Gunther, Astrolabes, I, p. 300 (no. 154, misdated to 1747) 
and pi. LXVII, and Chicago AP Catalogue, II, in press. 
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Fig. 2.1: The quatrefoil decoration on the rete of an astrolabe made in al-Andalus in 638 H [= 1240/41] (#154). 
No other known instrument has two quatrefoils in this configuration. [Courtesy of the Adler Planetarium, 
Chicago.] 



Fig. 2.2: A degenerate quatrefoil on an astrolabe by 'Uthman ibn 'Abdallah al-Saffar of Fez, dated 699 H [= 
1299/1300] (#1077). The “ mihrab ” at the bottom of the rete is now inverted. [Courtesy of the Museo di Storia 
della Scienza, Florence.] 
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is embellished with two quatrefoils, a smaller one at the top and a larger one at the bottom. 
No other Western Islamic instruments with quatrefoils on the rete are known to me. The closest 
we come to a quatrefoil is on: 

#1077 an astrolabe made by ‘Uthman ibn 'Abdallah al-Saffar in Fez, dated 699 H [= 1299/ 
1300] (Fig. 2.2), 20 

on which there is a degenerate one at the top of the upper equinoctial frame. See Fig. XV-13b 
on quatrefoil decoration on the back of a 14 th -century astrolabe from Fez. 

What the Muslim craftsmen saw in these quatrefoils is not clear. Surely, they did not recognize 
in them any kind of Christian symbol. 

3 Medieval European astrolabes 

One of the earliest surviving European astrolabes: 

#162 an elegant Catalan piece from ca. 1300 (Fig. 3.1); 21 

exhibits a single quatrefoil on the rete in the same position as the one on al-Khujandl’s astrolabe. 
Although the basic rete design is quite different, with a distinctive ‘rectangular’ frame inside 
the ecliptic, it is clearly Islamic in influence, and, most probably Byzantine in origin. Another 
piece, 

#3915 a non-functional astrolabe from the Maghrib or al-Andalus, dating problematic, 
possibly ca. 1300, with inscriptions in Judaeo-Arabic, that is, Arabic in Hebrew script 

(Fig. 3.2), 22 

has a rete of very similar design, but with a degenerate quatrefoil, and it provides additional 
evidence that the design is Islamic rather than European. 

Notice that: 

#2041 a beautiful unsigned 14 th -century French astrolabe (Fig. XIIIc-9), 23 

which otherwise exhibits various features of al-Khujandl’s astrolabe, as well as the mihrabs of 

an Andalusl rete, does not feature a quatrefoil. 

Furthermore, 

#4560 a 14 th -century astrolabe from Christian Spain with inscriptions in Hebrew, Latin and 
Arabic (Fig. 3.3), 24 


20 Florence, Museo di Storia della Scienza, inv. no. 1109—unpublished, see §1.6.5 of the Frankfurt catalogue. 

21 London, Society of Antiquaries, inv. no. Cat. 559—see Gunther, Astrolabes, II, pp. 306-309 (no. 162), and 
the detailed discussion in King & Maier, “London Catalan Astrolabe”. 

22 London, Nasser D. Khalili Collection, inv. no. SCI158—see Christie’s Amsterdam 15.12.1988 Catalogue, 
pp. 88-95 (lot 247); King & Maier, “Catalan Astrolabe”, pp. 679 and 718; and London Khalili Collection 
Catalogue, pp. 214-217 (no. 124). In the last-mentioned work, the fact that the rete has the same design as that 
of #162 is overlooked, and the degenerate quatrefoil is ignored: see my “Review”, col. 257 ad no. 124. In Speyer 
2004-05 Exhibition Catalogue, p. 242, Michael Rogers again claims that the instrument can be used from Spain 
to Palestine, but this is true only if one knows that the plates are not engraved for the latitudes stated, since the 
inscriptions have been shuffled. 

23 Oxford, Museum of the History of Science, inv. no. 57-84/173—unpublished, illustrations of the front and 
back in Poulle, Instruments du Moyen Age, 1983 edn., pp. 12 and 14. 

24 Present location unknown, last auctioned at Sotheby’s, London, on 18.10.2001—see the detailed description 
in King, “The Toledo Astrolabe”, now in XV. 
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Fig. 3.1: The rectangular frame on this Catalan astrolabe from ca. 1300 (#162) may be originally from a Byzantine 
astrolabe, of which we have no trace amongst Islamic astrolabes. Certainly the frame looks as though it is crowned 
by the quatrefoil, almost as if it was made to bear it. [Photo by Professor Gerard L’E. Turner, courtesy of the 
Society of Antiquaries, London.] 



Fig. 3.2: The rete design of this astrolabe with Judaeo-Arabic inscriptions (#3915) was copied from another piece, 
not necessarily European but resembling the one shown in Fig. 3.1. Here the quatrefoil has degenerated. [Courtesy 
of Christie’s, Amsterdam.] 
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Fig. 3.3: The rete of an astrolabe made in Christian Spain, most probably in Toledo, in the 14 th century (#4560). 
This remarkable instrument bears inscriptions in Hebrew, Latin and Arabic. It appears to have been made by 
a Jewish and Christian craftsman working in collaboration, and was finished by a Spanish Muslim. The three 
half-quatrefoils are typical of Hispano-Mauresque decorative art and are here used in their original form, as 
carriers for star-pointers. [Photo courtesy of Christie’s of London and a former owner.] 



Fig. 3.4: The maker of this remarkable German astrolabe (#2027), whose dedicatee can be associated with 
Einbeck and the period 1322-42, included one large quatrefoil and five half-quatrefoils of the same size, one 
of which is on the throne. [Courtesy of the Jagiellonian Museum, Cracow.] 
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Fig. 3.5: On this English astrolabe dated 1342 (#292), the central quatrefoil is very prominent. The flame-shaped 
pointers, especially the double and triple pointers, indicate French influence. [Courtesy of the British Museum, 
London.] 



Fig. 3.6: On this English astrolabe (#4508), we find, in addition to the “central” quatrefoil, half-quatrefoils in 
the Hispano-Mauresque style at the ends of each of the horizontal and vertical axes, the one at the bottom being 
elongated upwards to accommodate the star-pointer. [Courtesy of the Bilim ve Teknoloji ve Teknik Muzesi, 
Istanbul.] 
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Fig. 3.7: The rete on the spectacular “Sloane astrolabe” of the British Museum, made in England ca. 1300 (#290). 
This is perhaps the oldest English astrolabe that survives. Not only the highly sophisticated rete-design but also 
the accuracy of the astronomical markings and the imposing size (diameter 46.5 cm) attest to how little we know 
about astrolabe-making in medieval England. [Courtesy of the British Museum, London.] 


exhibits three quatrefoils attached to the inside of the upper ecliptic ring, each one supporting 
a single star-pointer. 

The quatrefoil on astrolabe retes spread quickly in Europe during the 14 th century, and its use 
was extended to other parts of the retes, such as the ends of the horizontal and vertical diameters. 
Numerous astrolabes of this kind survive, and I have listed them elsewhere. 25 

A fine example is the oldest datable German astrolabe: 

#2072 signed by Ludolphus de Scicte, who was treasurer of the cathedral of Einbeck during 
1322-42 (Fig. 3.4). 26 

Examples of two 14 th -century English astrolabes exhibiting a single quatrefoil in the upper 
ecliptic, sometimes exaggerated, are: 


25 Namely, on the website www.uni-frankfurt.de/fbl3/ign/instrument-catalogue.html, under 6.3 and 6.4. 

26 Cracow, Jagiellonian University Museum, inv. no. 41/V 4043 (?)—unpublished. On the identity of the maker 
see Hartel, “Ludolfiis Borchdorp de Brunswik”. This is a fine example of detective work in archives assisting 
in identification of astrolabe-makers. 
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#292 dated 1342 and signed by one “Blakene”, with a large quatrefoil and refined design, 
reflecting French influence (Fig. 3.5). 27 

#4508 with a small quatrefoil and the face of an ogre spanning three star-pointers on the 
upper left (Fig. 3.6), 28 typical of several such pieces with this design, and 
Is this second piece really as early as the 14 th century? We shall have to wait until all medieval 
English astrolabes are published, which will not be happening in the near future. It is rare but 
extremely useful to have a datable astrolabe when one is citing examples, because most of our 
dating rests on feel and intuition, and can sometimes be off by a century or two. 29 

Yet was the single quatrefoil original to these rete designs? The problem is that we find more 
than one quatrefoil used for the ‘central’ decoration on what is perhaps the earliest surviving 
English astrolabe, on which nobody has ever questioned a tentative dating to ca. 1300, namely: 
#290 the magnificent Sloane astrolabe (Fig. 3.7). 30 

There is a half-quatrefoil at each end of the horizontal and vertical axes, and a splendid triad 
of quatrefoils is connected to the uppermost one of these by two trefoil frames. Any art historian 
would say that this was now typically “Gothic” decoration, and I would have to agree. 

4 Medieval European astrolabes with inscriptions in Hebrew 

Two astrolabes with Hebrew inscriptions also exhibit quatrefoils. The first of these is probably 
from Bologna, ca. 1400. The second may be from the same place, but is less carefully made, 
and therefore, probably later: 31 

#158 one with a regular half-quatrefoil below the lower equinoctial bar, and almost 
cruciform quatrefoils on the throne (Fig. 4.1); 32 and 
#293 one with a large central quatrefoil, two half-quatrefoils below the ecliptic, and a trefoil 
on the throne (Fig. 4.2). 33 

5 Renaissance astrolabes 

Occasionally we find a Renaissance astrolabe with a single quatrefoil in a prominent position, 
as on al-Khujandl’s astrolabe. One such, actually the only one that has come to my attention, 
is: 


27 London, British Museum, inv. no. 53 11-41—see Morley, The Astrolabe of Shah Husayn, pp. 45-46; Gunther, 
Astrolabes, I, pp. 468-469 (no. 292); and London BM Catalogue, p. 113 (no. 326). 

28 Istanbul, Bilim ve Teknoloji ve Teknik Miizesi, inv. no. 002—unpublished; see §6.4.14 of the Frankfurt 
catalogue. On the “face” on various other English astrolabes see Gingerich, “Zoomorphic Astrolabes”, p. 95. 

29 On the problems of dating medieval European astrolabes see the references cited in n. 37 in XHIa. 

30 London, British Museum, inv. no. Sloane 1—see Gunther, Astrolabes, II, pp. 463-465 (no. 290) and pis. 
CXXVI-II; and London BM Catalogue, p. 112 (no. 423). 

31 This happened in medieval Europe as well as in the Islamic world. 

32 London, British Museum, inv. no. 93 6-16 3—see Gunther, Astrolabes, I, p. 304 (no. 158: “Spanish Jewish”), 
and London BM Catalogue, pp. 113-114 (no. 328: “Spanish-Moorish”!). 

33 Chicago, Ill., Adler Planetarium, inv. no. M-20—see Gunther, Astrolabes, I, p. 304 (no. 159: “Jewish 
Astrolabe”); Goldstein, “Hebrew Astrolabe”; and Chicago AP Catalogue, I, pp. 58-60 (no. 7: “Europe”, “c. 1550”), 
where the quatrefoil is not even mentioned. 
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Fig. 4.1: Quatrefoil decoration on an astrolabe 
(#158) by a Jewish craftsman, probably in Bologna 
ca. 1400. The use of quatrefoils, regular and almost 
cruciform, is surely significant. [Courtesy of the 
British Museum, London.] 



Fig. 4.2: A related astrolabe (#159) from the same 
milieu, but less carefully made. [Courtesy of the Adler 
Planetarium, Chicago, Ill.] 
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Fig. 5.1: al-Khujandl’s quatrefoil had a good run in Europe as well as in the Islamic world. Here it is on an 
Italian astrolabe dated 1558 (#544), together with French-type star-pointers and a Renaissance Italian vertical 
bar. [Photo by the author, courtesy of the Special Collections, Columbia University Library, New York.] 



Fig. 5.2: An unsigned astrolabe (#164) that can be attributed to Hans Dorn, Vienna, ca. 1480, previously classified 
as “Spanish”. The unusual quatrefoil decoration dominates the rete design. See also Fig. Xllb-lOc-d for another 
newly-discovered instrument by Hans Dorn. [Courtesy of the Adler Planetarium, Chicago, Ill.] 
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Fig. 5.3: The rete of an astrolabe by Georg Hartmann of Nuremberg dated 1541 (#4536). The design differs 
from that on his many standard astrolabes. One could argue that the design at the top of the rete, called “four¬ 
fold motif’ in the 1995 Christie’s catalogue, was developed from a quatrefoil. Certainly, the design at the bottom 
of the rete is a reworked half-quatrefoil. [Private collection; photo courtesy of the owner.] 


#544 an astrolabe by the Italian craftsman, Bernadinus Sabeus, dated 1558. 34 

Or we may find ingenious extensions of the use of the quatrefoil, almost flippant and neo-gothic, 

such as on: 

#164 an unsigned astrolabe to be associated with Hans Dorn of Vienna in the late 15 th 
century (Fig. 5.2). 35 


34 New York, Columbia University Library, Special Collections, inv. no. 27-256 (13)—unpublished; rete 
illustrated in King, “Islamic Astronomical Instruments between East and West”, p. 154. 

35 Chicago, Ill., Adler Planetarium, inv. no. M-28—see Gunther, Astrolabes , II, pp. 311-312 (no. 164: “Spanish 
ca. 1500”); and Chicago AP Catalogue , I, pp. 49-51 (no. 4: “Spain c. 1500?). In the former, Gunther appropriately 
mentions that “a central quatrefoil and three marginal semi-quatrefoils form a predominant feature of the design”, 
but in the latter, all of the bits and pieces of quatrefoils are ignored. 

The authority of the mutaqaddimin amongst the muta z akhkhirin is well illustrated by this incorrect attribution. 
Gunther had not seen any Dorn instruments, and specialists on the Vienna school would not need to look at any 
Spanish instruments. This particular astrolabe was actually displayed at the 1992 exhibition at the Jewish Museum 
in New York on the convivencia of Jews, Muslims and Christians in medieval Spain (see Glick, “Jewish 
Contribution to Science in Medieval Spain”, fig. 21A on p. 88). On the other instruments of Hans Dorn see King 
& Turner, “Regiomontanus’ Astrolabe”, p. 188 and n. 52, and also Washington NGA 1992 Exhibition Catalogue , 
pp. 221-224 (nos. 120-122), on the three of his instruments preserved in Cracow. 













990 


PART XVII 


Or we may find a quatrefoil in disguise, as on: 

#4536 an astrolabe made in Nuremberg in 1541 by the prolific Georg Hartmann (Fig. 5.3). 36 

6 Other considerations 

Only when I had assembled all of the photographic evidence for this study did I realize that there 
was another feature of the two main quatrefoils discussed in this study — that on the astrolabe of 
al-Khujandl and that on the Catalan astrolabe — which demands our attention. 

In the former case, the centre of the quatrefoil divides the vertical between the centre of the 
astrolabe and the outer rim of the ecliptic scale in the “golden ratio”, that is, ca. 5:3. 37 In the latter 
case, the same holds. However, in addition: 

(1) the “rectangular” frame inside the upper ecliptic has been constructed with its upper 
side through the quatrefoil and extending to the inside of the ecliptic scale, and 

(2) the vertical sides have been dropped down almost to the counter-changed horizontal 
bar, and then gracefully redirected with circular arcs down to the intersections of the 
inner ecliptic frame with that horizontal bar. 

In other words, there is more to the positioning of the quatrefoils than I first thought. The fact that 
their positions are determined by what the Greeks called “the ratio”, now called “the golden 
ratio”, is surely highly significant and merits further investigation. In brief, I regard this as additional 
evidence—if any were needed—of an ultimate Byzantine origin of both of these basic rete designs. 

7 Concluding remarks 

Whilst the quatrefoil decoration on various medieval European astrolabes is typically “Gothic”, 
the entire tradition of quatrefoils on astrolabe retes is probably Byzantine in ultimate origin 
and had a long afterlife in the Islamic East. The Hispano-Mauresque passion for quatrefoils 
resulted in some of the first Latin astrolabes in Spain having quatrefoil ornamentation (including 
the half-quatrefoils at the ends of horizontal or vertical axes). Various subgroups of the astrolabes 
of some regional schools in medieval Europe maintained this tradition and some developed it 
still further. When completely different designs appear in medieval Europe it is sometimes 
possible to trace those too to earlier Islamic designs. 38 And this is not to deny the initiative of 
medieval European craftsmen in the different regional schools of individual workshops, most 
of whose productions do not look anything like Islamic astrolabes. 


36 Present location unknown—see the detailed and richly illustrated description in Christie’s London 
02.03.1995 Catalogue, pp. 36-41 (lot 199). 

37 On the golden ratio in recent literature see, for example, Herz-Fischler, History of Division in Extreme and 
Mean Ratio (book length monograph) and “The Golden Number” (brief summary); as well as Fischler, “On the 
Golden Number”, and “The Golden Ratio in the Visual Arts”; and the bibliographies there cited. 

38 In King, “Urbino Astrolabe”, I point to the similarities between the astrolabes of Abu Bakr ibn Yusuf of 
Marrakesh, ca. 1200, and a medieval/Renaissance Italian tradition that subsequently influenced the Renaissance 
German tradition. Here the distinctive thrones provide the connection between the Maghribi and Italian pieces, 
with the rete design of the latter derived from the former by a kind of topological transformation. See now Figs. 
XIIIa-10.4a-c and X-4.3.3. 
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What the medieval and Renaissance European craftsmen saw in these quatrefoils is another 
issue. How little we can ever hope to understand their motives in including quatrefoils on 
astronomical instruments is clear from the medieval astrolabes with Hebrew inscriptions. Rather 
than look for Christian symbolism here, we may well ask what a Jewish craftsman saw in these 
quatrefoil decoration. These materials merit investigation by an art historian, but one cognisant 
of the Byzantine, Islamic, Hispano-Mauresque, Jewish, and medieval Christian traditions will 
be hard to find. And I have yet to meet an art historian who knows what an astrolabe actually 
is. 
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Islamic astronomical instruments to ca. 1500, 
ordered chronologically by region 




To Kurt Maier, in appreciation 




DEDICATION AND REMARKS ON THIS VERSION 


This study is dedicated to the friend and colleague who was at my side whilst the research 
on which it is based was being started. It is hard to find words to express my gratitude to Kurt 
Maier for all his contributions over many years. Let me start with: “Prosit tibil”. For his mastery 
of languages (German, Schwabisch, English, French, Italian, Catalan and Spanish, Latin, as 
well as Arabic and Persian), and his exactitude in scholarly writing (literary, historical and 
technical), I have only one word: “Chapeau \”. For our pleasure and amazement when the 
computer generated this table of contents automatically from the text of the incomplete 
catalogue, there was only one appropriate exclamation: “Md sha AllahV ’ 

Had it not been for Kurt Maier, the medieval instrument project in Frankfurt might never 
have got off the ground. He was the mainstay of the project, writing letters in a multiplicity 
of languages to museums all over the world, and sharing the excitement when a new set of 
photos of some unpublished instrument eventually reached us; poring over photos for details 
that would establish the provenance of some undated piece; controlling inscriptions and 
deciphering Kufic or Gothic; searching for other attestations of linguistic rarities found on this 

instrument or that;.He came to have a special fascination for Islamic instruments bearing 

later European inscriptions by which one could document the subsequent fate of the piece 
concerned, and for inscriptions on medieval European instruments including regional varieties 
of Latin or European vernaculars by which one could establish the provenance. For the reader 
not familiar with the latest research, it should be mentioned that these methods had never been 
applied before to medieval instruments. See Figs. 1-2 for two examples of later additions on 
an ll th -century astrolabe from Cordova on which he has worked. It was Kurt Maier, for 
example, who established the Picard provenance of the “Berselius astrolabe” (#198) and the 
Catalan origin of the “Spanish” astrolabe in the London Society of Antiquaries (#162). 



Fig. 1-2: Medieval Catalan month-names and place-names added to an ll ,h -century astrolabe from al-Andalus 
(#3622). [Photos by the author, courtesy of the Jagiellonian University Museum, Cracow.] 
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I have already alluded (p. 5 in volume 1) to the fact that during the early 1990s Kurt Maier 
typed for me on a computer many texts that had been previously recorded on a typewriter in 
Cairo during the 1970s. Over several years, he controlled all of the texts that were generated 
relating to the instrument project, checking one version after the other of catalogue entries, 
and translating some of these texts into German when necessary. Thus it was he, for example, 
who is largely responsible for any merits the final versions of “Die Astrolabiensammlung im 
Germanischen Nationalmuseum” (1992) and “Astronomische Instrumente in Schweinfurt” 
(1993) may have. He also corrected various preliminary versions of my books World-Maps 
Centred on Mecca (1999) and The Ciphers of the Monks (2001), thereby saving me from many 
pitfalls. Alas, because of stupid university regulations that are in conflict with serious academic 
pursuits, he could not continue working at the Institute in an official capacity for more than 
five years. If he could have, there would certainly be fewer mistakes in these two volumes. 

The following bahnbrechende publications have been contributed by Kurt Maier to our field: 

❖ “Bemerkungen zu romanischen Monatsnamen auf mittelalterlichen Astrolabien”, in Ad 
radices—Festband zum funfzigjahrigen Bestehen des Instituts fur Geschichte der 
Naturwissenschaften Frankfurt am Main, Anton von Gotstedter, ed., Stuttgart: Franz 
Steiner, 1994, pp. 237-254. 

❖ “Zeugen des Mehrsprachigkeit: mittelalterliche romanische Monatsnamen auf islami- 
schen astronomischen Instrumenten”, in Romania arabica. Festschrift fur Reinhold 
Kontzi zum 70. Geburtstag, Jens Liidtke, ed., Tubingen: Gunther Narr, 1996, pp. 251- 
270. 

❖ “The Medieval Catalan Astrolabe of the Society of Antiquaries, London” (with David 
A. King), in From Baghdad to Barcelona. Studies in the Islamic Exact Sciences in 
Honour of Prof. Juan Vernet, Josep Casulleras and Julio Samso, eds., 2 vols., Barcelona: 
Instituto “Millas Vallicrosa” de Historia de la Ciencia Arabe, 1996, II, pp. 673-718. 

❖ “Ein islamisches Astrolab aus Cordoba mit spateren altkatalanischen Inschriften”, in 
Der Weg der Wahrheit—Aufsatze zur Einheit der Wissenschaftsgeschichte—Festgabe 
zum 60. Geburtstag von Walter G. Saltzer, Peter Eisenhardt, Frank Linhard and Kaisar 
Petanides, eds., Hildesheim: Olms, 1999, pp. 119-133. 
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Introductory remarks 


“On sait... avec quel zele les Arabes ont cultive l’astronomie a une epoque ou cette science 
etait completement negligee, excepte dans les pays soumis a leur domination; nous avons un 
assez grand nombre des instruments dont ils se sont servis. On connait plusieurs globes 
celestes arabes, un astrolabe arabe qui se trouve a Nuremberg; et il est presumable que nous 
aurons, par la suite, occasion d’en retrouver une plus grande quantite, lorsqu’on aura dirige 
sur les antiquites l’attention des voyageurs et des Europeens qui resident en Orient.” Letter 
from Bernard Dorn to Louis-Amelie Sedillot (fils ) ( ca. 1840), published in his Materiaux, I, 
pp. 347-348. 

“A General Catalogue of the Astrolabes of the World has long been overdue. Many writers on 
the subject, being impressed by the scientific or unusual artistic excellence of some particular 
astrolabe and especially by the antiquity of the instrument have been inspired to learn its use 
and to publish an account of their single example: but it can have fallen to the lot of a few 
persons to have had the advantage of being able to examine as many astrolabes as the present 
author has had the good fortune of handling.” Robert T. Gunther, The Astrolabes of the World, 
(1932), I, p. v. 

In the past few years preliminary descriptions have been prepared in Frankfurt of a large number 
of medieval astronomical instruments. 1 The German Research Foundation generously provided 
funding during 1992-96 to prepare descriptions of all Islamic astronomical instruments to ca. 
1550; a preliminary version was indeed achieved, but the state of photographic documentation 
of the instruments still leaves much to be desired and some of the descriptions remain 
incomplete. The same Foundation provided further funding during the period 1998-2001 to 
prepare descriptions of all medieval European instruments. The ultimate goal was to catalogue 
all available medieval instruments with “exhaustive” descriptions and photographic documen¬ 
tation, arranged chronologically according to geographical provenance, and based, as far as 
possible, on inspection of the instruments themselves. This is a long-term project, but already 
the majority, if not all, of the Islamic and European instruments from before 1500 have been 
inspected and described. It will still take some time to prepare the enormous corpus of 
descriptions for publication or projection into cyberspace. A major problem continues to be 
the assembling of a photographic archive, since even at the end of the 20 th century many 
museums are incapable of producing publishable photographs and the prices of photographs 
are now out of sight. Another is that funding for the project is exhausted. And the same holds 
for the cataloguer. 

The following list was generated automatically from the text of the Frankfurt catalogue. 
Unfortunately, the text of the catalogue does not look as good. I include the list here as a 
potential interim research tool, pending the imminent (?) publication of the long-awaited 
Repertoire of Alain Brieux and Francis Maddison and pending the appearance of the first 
sections of the Frankfurt catalogue beyond the earliest Islamic astrolabes included in this 
volume (XHIb-c). I have also included some instruments later than ca. 1500 where these are 
under my control. The reader interested in globes is recommended to the survey by Emilie 
Savage-Smith; here I have only listed the earliest signed ones. For Safavid Iranian and Moghul 


1 Details are to be found in King, “Instrument Catalogue in Preparation”, A-C. 
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Indian instruments, which I have not listed here, the reader must await the forthcoming 
publications of the late Alain Brieux and Francis Maddison, and Sreeramula R. Sarnia, 
respectively. A more complete list of late Maghribi instruments, for what it is worth, is in my 
“Astronomy in the Medieval Maghrib”, pp. 47-52. 

The list from which the following one was taken has now been available for some years 
now on the Internet at www.uni-frankfurt.de/fbl3/ign/instrument-catalogue.html, and there the 
reader will find listings of all medieval European instruments (not updated since ca. 1994). 
Although this was announced in various academic circles, including “RETE”, the Oxford-based 
discussion group relating to historical instruments, only one colleague expressed any interest 
in it, namely, Tom Settle of City University, New York, who had a query about a Renaissance 
Italian piece. This well illustrates the problem anybody seriously interested in historical 
instruments has within the field of the history of science. And not a single voice from outside 
the field has been heard either. 

More information on the very earliest European astrolabes is found in my “The Oldest 
European Astrolabe”, pp. 387-391. Renaissance European instruments are now well served by 
the new publications of Koenraad van Cleempoel (16 th -century Louvain and Spain) and Gerard 
L’E. Turner (Elizabethan England). For other regions the literature on Renaissance instruments 
is too scattered to collect here. 

An asterisk in the list below indicates that an item has been moved from its position in the 
list available on the Internet. I have preferred to leave a few gaps than change the basic 
numbering. 


A CHECKLIST OF EARLY ISLAMIC ASTRONOMICAL INSTRUMENTS 


1003 


List of abbreviations for present locations: 


AG 

Ahuan Gallery (London) 

MEC 

Museo dell’Eta Cristiana (Brescia) 

ALC 

Alcazar de Cordoba (Cordova) 

MHS 

Museum of the History of Science 

AM 

Archaeological Museum (Baghdad / 


(Oxford) 


Damascus / Delhi) 

MHS 

Musee d’histoire des science (Geneva) 

AP 

Adler Planetarium (Chicago) 

MIA 

Museum of Islamic Art (Cairo) 

BC 

Biblioteca Communale (Palermo) 

MIB 

Muze-yi Iran-i Bastan (Tehran) 

BM 

The British Museum (London) 

MIK 

Museum fur Islamische Kunst (Berlin) 

BM 

Benaki Museum (Athens) 

ML 

Musee du Louvre (Paris) 

BNF 

Bibliotheque nationale de France (Paris) 

MMA 

Metropolitan Museum of Art (New 

BNM 

Bayerisches Nationalmuseum (Munich) 


York) 

BTTM 

Bilim ve Teknoloji ve Teknik Muzesi 

MN 

Musee nationale (Carthage) 


(Istanbul) 

MN 

Museo Nazionale (Naples / Palermo) 

CBL 

The Chester Beatty Library (Dublin) 

MRAH 

Musees royaux d’art et d’histoire 

CU 

Columbia University Special Collections 


(Brussels) 


(New York) 

MN 

Museo Navale (Venice) 

DAI 

Dar al-Athar al-Islamiyya (Kuwait) 

MSQ 

mosque, here not further identified 

DB 

Dar Batha 3 (Fez) 

MSS 

Museo di Storia della Scienza (Florence) 

DM 

Deutsches Museum (Munich) 

MVW 

Musee de la vie wallone (Liege) 

DM 

Deniz Muzesi (Istanbul) 

NG 

Nur Gallery (Nasser D. Khalili 

DMG 

Deutsche Morgenlandische Gesellschaft 


Collection, London) 


(Halle) 

NMAH 

National Museum of American History 

DS 

Davids Samling (Copenhagen) 


(Washington, D.C.) 

DSB 

Deutsche Staatsbibliothek (Berlin) 

NMM 

National Maritime Museum (Greenwich) 

EAS 

Estonian Academy of Science (Tartu) 

NMM 

National Maritime Museum (Haifa) 

ENL 

Eyptian National Library (Cairo) 

NSM 

Nationaal Scheepvaartmuseum (Antwerp) 

GNM 

Germanisches Nationalmuseum 

OBS 

Observatory (Kandilli / Paris / Rome / 


(Nuremberg) 


Strasbourg ) 

GU 

Galleria degli Uffizi, Gabinetto dei 

01 

Oriental Institute (St. Petersburg) 


Disegni e Stampi (Florence) 

MPD 

Musee Paul Dupuy (Toulouse) 

HCSI 

Harvard Collection of Scientific 

PC 

Private collection 


Instruments (Harvard, Ma.) 

PLU 

present location unknown 

IGE 

Instituto Geografico y Estadistico 

RACA 

Real Academia de Ciencias y Artes 


(Madrid) 


(Barcelona) 

IGN 

Institut fur Geschichte der 

RAH 

Real Academia de la Historia (Madrid) 


Naturwissenschaften (Frankfurt) 

RKM 

Rehmi Kog Muzesi (Istanbul) 

IHAS 

Institute for the History of Arabic 

ROM 

Royal Ontario Museum (Toronto) 


Science (Aleppo) 

RSM 

Royal Scottish Museums (Edinburgh) 

IM 

Indian Museum (Calcutta) 

SA 

Society of Antiquaries (London) 

IMA 

Institut du Monde Arabe (Paris) 

SBOA 

Staatsbibliothek PreuBischer Kulturbesitz, 

IVDJ 

Instituto de Valencia de Don Juan 


Orientabteilung (Berlin) 


(Madrid) 

SJL 

Salar Jung Library (Hyderabad, Deccan) 

JUM 

Jagiellonian University Museum 

SKS 

Staatliche Kunstsammlungen (Kassel) 


(Cracow) 

SL 

State Library (Rampur) 

KHM 

Kunsthistorisches Museum (Vienna) 

SLMJ 

Steirmarkishes Landesmuseum 

KO 

Kasbah of the Oudaia (Rabat) 


Johanneum (Graz) 

LC 

Linton Collection (Point Lookout, Long 

SLSP 

Societa Ligure de Storia Patria (Genoa) 


Island) 

SM 

Science Museum (London) 

MA 

Musee archeologique (Fez / Tunis) 

SMPS 

Staatlicher mathematisch-physikalischer 

MA 

Museo arqueologico (Almeria / Cordova 


Salon (Dresden) 


/ Granada / Madrid / Medina Azara / 

ss 

Stadtische Sammlungen (Kassel) 


Sagunt) 

SSM 

Statens Sjohistoriska Museum 

MAH 

Musee d’art et d’histoire (Geneva) 


(Stockholm) 

MAN 

Museo Arqueologico Nacional (Madrid) 

TIEM 

Turk ve islam Eserleri Muzesi (Istanbul) 

MB 

Musee de Bouillon (Bouillon, B) 

TM 

Time Museum (Rockford, Ill.) 

MC 

Museo di Capodimonte (Naples) 

TM 

Technisches Museum (Vienna) 
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TSM Tokapi Sarayi Muzesi (Istanbul) WMHA Whipple Museum for the History of 

UK Urdu College (Karachi) Science (Cambridge) 

VA Victoria and Albert Museum (London) 

WDB West-Deutsche Bibliothek (Marburg), 

instruments now in DSB Berlin 
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1 Early Eastern astrolabes (to ca. 1500) 

1 Byzantine astrolabes 

1 An astrolabe by Sergios, “the Persian”, dated 1062 (#2—Brescia MEC) 

2 Miscellaneous bits and pieces 

a) Markings on an Abbasid plate (#109 = #3549—New York MMA) 

b) A single plate (#4509—PC) 

2 The earliest Eastern Islamic astrolabes (9 th to 11 th C) 

1 An early Abbasid astrolabe, modified in Ottoman times and bearing the name Ahmad ibn 
Kamal (#3702—Baghdad AM) 

1* An early Abbasid astrolabe, badly corroded (#4020—London AG) [MOVED FROM 
FORMER 1.2.14] 

2 Two instruments by (Muhammad ibn 'Abdallah known as) Nastulus 

a) An astrolabe dated 315 H (#3501—Kuwait DAI) 

b) An undated mater (#4023—Cairo MIA) 

3 Three instruments by Khaftf 

a) An undated astrolabe (#1026—Oxford MHS) 

b) A solitary rete (#2529—Oxford MHS) 

c) An undated astrolabe illustrated in a set of 16 th -century Italian drawings (#4030— 
Florence GU) 

4 An astrolabe by Ahmad ibn Khalaf (#99—Paris BNF) 

5 An undated astrolabe by Muhammad ibn Shaddad (al-Baladl) (#1179—PLU, formerly 
Berlin PC) 

6 An undated astrolabe by al-Muhsin ibn Muhammad al-Tablb (#4030—Rockford TM) 

7 The so-called “Astrolabe of Pope Sylvester II”: an unsigned undated Abbasid astrolabe 
with later (19 th -century?) additions by a European (#101—Florence MSS) 

8 An unsigned mater and plates (#4022—London SM) 

9 Two instruments by Hamid ibn 'All (al-Wasitl) 

a) A mater dated 343 H (#100—Palermo MN—stolen ?) 

b) An undated mater (#3713—Cairo MFI) 

10 An astrolabe by Hamid ibn Khidr al-Khujandl (#111—Kuwait PC) 

11 An astrolabe by Ahmad and Muhammad, sons of Ibrahim al-Isfahanl, dated 374 H (#3— 
Oxford MHS) 

12 An astrolabe by Muhammad ibn Abi ‘l-Qasim al-Isfahanl al-Salihanl dated 496 H (#122— 
Florence MSS) 

13 A solitary plate with ogival markings (#4021—Copenhagen DS) 

14 [MOVED TO 1.2.1*] 

14* Miscellaneous bits and pieces 

a) A solitary rete (#2529—Oxford MHS) 

b) A solitary plate (#109 = #3549—New York MMA) 

c) The rete and plate of an unsigned astrolabe (#4022—London SM) 
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d) The rete on the Cairo astrolabe of Hamid ibn ‘All (#3713—Cairo MIA) 

e) A single plate (#1026—Oxford MHS) 

3 The earliest Western Islamic astrolabes (10 th and 11 th centuries) 

1 An astrolabe by Khalaf ibn al-Mu‘adh illustrated in a Latin manuscript (#4024— 
manuscript in Paris BNF) 

2 An unsigned, undated astrolabe (#110—London BM) 

3 Some instruments by Muhammad ibn al-Saffar 

a) A mater and plates dated 417 H (#3650—Edinburgh RSM) 

b) An astrolabe dated 420 H (#116—Berlin DSB, formerly Marburg WDB) 

c) A solitary plate (#4025—Palermo MN) 

4 Two instruments by Ibrahim ibn c Abd al-Karlm 

a) A mater dated 458 H (#3714—Fez MA) 

b) An undated astrolabe (#1079—Palermo MN—stolen) 

5 Three astrolabes by Ibrahim ibn Sa c id ibn Asbagh al-Ansarl thumma al-Sahll 
al-Mawazlnl 

a) Dated 4b59 H (#117—Madrid MAN) 

b) Dated 460 H (#118—Oxford MHS) 

c) Dated 463 H (#123 = #1167—Rome OBS) 

6 An astrolabe by Ibrahim ibn al-Sahll dated 478 H (#121—Kassel SS) 

7 Two astrolabes by Muhammad ibn Sa‘ld al-Sabban 

a) Dated 466 H (#1139—Munich BNM) 

b) Dated 474 H (#2527—Oxford MHS) 

8 An astrolabe by Muhammad ibn al-Sahll dated 483 H (#2572—Washington NMAH) 

9 An astrolabe by Ahmad ibn Muhammad al-Naqqash dated 472 H (#1099—Nuremberg 
GNM) 

10 An unsigned Andalusl astrolabe dated 446 H (#3622—Cracow JM) 

11 Miscellaneous bits and pieces 

a) Some ll th -C Andalusl plates in a composite Ottoman astrolabe (#4040—PC) 

b) The rete on the Edinburgh astrolabe of Muhammad ibn al-Saffar (#3650— 
Edinburgh RSM) 

c) A single plate (#2572—Washington NMAH) 

d) An isolated plate (#4025—Palermo MN) 

e) A single plate (#154—Chicago AP) 

4 Later Eastern Islamic astrolabes (Iraq and Iran, 12 th to 16 th C, also Turkey, 16 th C) 

1 An “astrolabic zlj ” by Hibatallah dated 514 H (#3633—formerly Munich PC, now Berlin 
MIK) 

2 An astrolabe in the tradition of al-Khujandl by Badr (ibn ‘Abdallah), mawla of Hibatallah, 
dated 525 H (#2557—Chicago AP) 

3 [MOVED TO 1.5.17a] 

4 An astrolabe by Hamid ibn Mahmud al-Isfahanl dated 547 H (#4—Point Lookout LC) 
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5 Four astrolabes by Muhammad ibn Hamid ibn Mahmud al-Isfahani 

a) Dated 556 H (#1177—Istanbul TIEM) 

b) Dated 558 H (#1211—Tehran MIB) 

c) Dated 571 H (#4199—Kuwait DAI) 

d) Undated (#3532—London AG) 

6 An astrolabe by Muhammad ibn Ahmad ibn ‘All ibn Muhammad dated 588 H, reworked 
by Muhammad Khalil in 1110 H (#3922—Frankfurt IGN) 

7 Two instruments by Muhammad ibn Abl Bakr al-Rashidl al-Ibarl al-Isfahanl 

a) An astrolabe with gear mechanism dated 618 H (#5—Oxford MHS) 

b) A rete and plate (#4031—London NG) 

8 An astrolabe by Mahmud ibn 'All ibn Yusha' al-...x-r-y dated 669 H (“Prof. Wilson’s 
astrolabe”) (#67—PLU) 

8* An astrolabe mater by Mahmud ibn c All al-Tabari dated 675 H (#3657—PLU): see Fig. 
3 

9 An unsigned mater and plates with a later Ottoman rete (#2537—Oxford MHS) 



Fig. 3: The signature on the astrolabe mater of Mahmud ibn ‘All al-Tabari dated 675 H [= 1276/77] (#3657) 
on the lower left rim. The letters sin-nun at the end of the signature after the date defy explanation. Likewise 
the minister for whom the piece was made remains unidentified. The orthography of the divine name in the 
third line of the dedication is most unexpected. The front of the mater bears astrological markings. [Present 
location unknown; photo from the archives of Alain Brieux, courtesy of Dominique Brieux.] 
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10 Three instruments by Mahmud ibn Shawka al-Baghdadl 

a) A mater and plates dated 684 H (#4101—Kandilli OBS) 

b) An astrolabe dated 694 H (#1040—Greenwich NMM) 

c) A mater dated 706 H (#3534—Paris IMA—for the rete and plates see 2.3.6) 

11 An astrolabic plate by c Umar ibn Dawlatshah al-Kirmanl dated 726 H (#4033—Point 
Lookout LC) 

12 Some instruments by Ja'far ibn 'Umar al-Kirmanl 

a) An astrolabe dated 751 H (#3660—Paris PC) 

b) A mater dated 755 H (#1205—Paris IMA) 

c) An astrolabe dated 774 H (#15—Washington NMAH) 

d) An astrolabe dated 790 H (#16—Calcutta IM) 

e) A mater dated 790 H (#2605—Chicago AP) 

f) A fake astrolabe dated 757 H (#1033—Greenwich NMM) 

13 Some instruments by Muhammad ibn Ja c far ibn 'Umar al-Kirmanl known as Jalal 

a) An astrolabe dated 796 H (#2710—Fez MA) 

b) The rete and plates on the first astrolabe of 'Abd al-Karlm al-Misri (#7 < #103—Oxford 
MHS—see 1.5.4a for the mater) 

c) An astrolabe dated 830 H and dedicated to [Ulugh Beg] (#3595—Copenhagen DS) 

d) An astrolabe mater dated 832 H (#4305—PLU) 

e) A single plate (#4151—Istanbul TIEM) 

14 Three instruments by Mahmud ibn Jalal al-Kirmanl 

a) * An astrolabe dated 833 H (#4307—PC) [NEW] 

b) An astrolabe dated 838 H (#4034—Chicago PC) 

c) A mater and plates dated 849 H (#1168—Istanbul TIEM) 

15-15 * Two astrolabes dedicated to the Ottoman Sultan Bayazid II 

15 An astrolabe by Mukhlis Shirwanl dated 910 H (#12—Cairo MIA) 

15* An astrolabe by al-Ahmar al-Nujuml al-Ruml dated 892 H (#4183—PLU) [NEW] 

16 An astrolabe by Ahmad ibn Hasan al-Husaynl dated 891 H (#4102—Kandilli OBS) 

17 Five instruments by Shams al-Dln Muhammad Saffar 

a) A mater and plates dated 878 H (#1063—Brussels MRAH) 

b) An astrolabe dated 882 H (#1186—Cambridge WMHS) 

c) An astrolabe dated 882 H (#1136—Cairo MIA) 

d) An astrolabe dated 886 H (#108—Oxford MHS) 

e) An astrolabe dated 911 H (#2505—Oxford MHS) 

18 Two astrolabes in the tradition of Shams al-Dln Saffar 

a) An astrolabe in the tradition of al-Khujandl signed by Muhammad ibn Khidr al- 
Asturlabl and dated “667 H” (#4035—London AG) 

b) An unsigned astrolabe with qibla markings on the back (#30—Oxford MHS) 

19 Two astrolabes by Awhad al-Awhadl 

a) Dated 890 H (#112—London BM) 

b) Dated 902 H (#4156—Haifa NMM) 
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5 Ayyubid, Mamluk and Rasulid astrolabes (Syria, Egypt and the Yemen, 13 th to 14 th C) 

1* An astrolabe with a rete decorated with circus figures by al-Sahl al-Nlsaburl (#137— 
Nuremberg GNM) [MOVED FROM 1.5.10] 

1 Two related saflhas 

a) An undated safiha zarqdlliyya by c All al-Wada'l (#4026—Rockford TM) 

b) An early copy (#4027—London AG) 

2 An astrolabe by 'Abd al-Rahman ibn Sinan al-BaTabakkl dated 619 H (#4050—Istanbul 
DM) 

3 Two astrolabes by al-Sarraj of Damascus 

a) * Dated 623 H (#4160—Hyderabad SJL) [NEW] 

b) Dated 626 H (#3765—Rampur SL) 

c) Dated 628 H (#1042—Greenwich NMM) 

4 Two in s truments by 'Abd al-Karlm al-Misrl 

a) A mater dated 625 H (#103—Oxford MHS; for the rete and plates see 1.4.13b) 

b) An astrolabe dated 638 H (#104—London BM) 

5 An unsigned Ayyubid astrolabe from Egypt (#105—London BM) 

6 A safiha shakkaziyya by Ibrahim al-Dimashql dated 669 H (#106—London BM) 

7-8 Two instruments with inscriptions in both Arabic and Coptic 

7 An astrolabe with Arabic and Coptic inscriptions by Hasan ibn 'Umar al-Naqqash dated 
681 H (#4036—Istanbul TIEM) 

8 An instrument with Arabic and Coptic inscriptions by Hasan ibn 'All dated 681 H (#107— 
Oxford MHS) 

9 An unsigned Egyptian astrolabe with unusual features including a Maghribi-style rete and 
a shakkaziyya- type projection for [Cairo] (#134—Delhi AM) 

10 [MOVED TO 1.5.1*] 

11 Two safihas by 'Abdallah ibn Yusuf 

a) A safiha shakkaziyya dated 693 H (#4028—Kuwait PC—stolen) 

b) A safiha zarqdlliyya dated 695 H (#102—London VA) 

12 Some astrolabes by the Yemeni Sultan al-Ashraf 

a) Dated 690 H (#109 = #3549—New York MMA) 

b) Some other astrolabes mentioned by his teachers 

13 An unsigned, undated Rasulid astrolabe (#4029—Paris IMA) 

13* An unsigned, undated Yemeni astrolabe with a Maghribi rete (#4170—Cambridge, Ma., 
HCSI) 

14 Two instruments by Ahmad ibn Abl Bakr ibn al-Sarraj 

a) A quintuply-universal astrolabe dated 729 H (#140—Athens BM) 

b) An unsigned mater from a standard astrolabe (#4037—London NG) 

15 An unsigned astrolabic plate for multiple latitudes (#4038—Berlin DSB, formerly Marburg 
WDB) 

16 An astrolabe plate by Muhammad ibn Ahmad al-Mizzl dated 734 H (#1204—Cambridge 
WMHS) 

16* An undated astrolabe copied from one by al-Mizzl (#4164—Cairo MIA) 
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17 Three instruments by ‘All ibn Ibrahim known as Ibn al-Shatir 

a) * An astrolabe dated 726 H (#6—Paris OBS) [MOVED FROM 1.4.3] 

b) An astrolabic plate dated 733 H (#1131—Cairo MIA) 

c) An astrolabic plate dated 733 H (#142—Paris BNF) 

6 Later Andalusi and Maghribi astrolabes (13 th to 16 th C) 

1 Seven astrolabes by Abu Bakr ibn Yusuf 

a) A universal astrolabe in the tradition of ‘All ibn Khalaf dated 584 H mentioned in a 
medieval text (#4039—manuscript in Cairo ENL) 

b) An astrolabe dated 605 H (#124—Strasbourg OBS) 

c) An astrolabe dated 610 H (?) (#2709—Rabat KO) 

d) An astrolabe dated 613 H (#1090—Toulouse MPD) 

e) An astrolabe dated 615 H (#125—PLU, formerly Baron de Larrey) 

f) An astrolabe reworked by a European with maker’s name and date obliterated (#1069— 
Madrid IVDJ) 

g) A rete and set of plates (#1057—London SM) 

2 Fourteen astrolabes and safihas by Muhammad ibn Fattuh al-Khama’irl of Seville dated 
between 609 H and 634 H 

a) A mater dated 609 H (#127—PLU) 

b) A saflha dated 613 H (#1081—Rome OBS—stolen) 

c) An astrolabe dated 614 H (#2701—Fez DB) 

d) A saflha dated 615 H (#128—Paris BNF) 

e) An astrolabe (??) dated 615 H (#1147—PLU, formerly Cairo PC) 

f) An astrolabe dated 618 H (#4053—Istanbul BTTM) 

g) An astrolabe dated 618 H (#129—Oxford MHS) 

h) A mater and plates dated 619 H with a replacement rete from the Arsenius workshop 
(#4054—PC) 

i) An astrolabe dated 620 H (#4052—Istanbul TIEM) 

j) A mater and plates dated 621 H (#4001—Washington NMAH) 

k) An astrolabe dated 621 H (#130—Oxford MHS) 

l) An astrolabe dated 628 H (#1148—Cairo MIA) 

m) An astrolabe dated 634 H (#150 = #153—Chicago AP) 

n) An undated mater (#4148—PLU) 

2* An astrolabe by Muhammad ibn ‘Abd al-‘Azlz al-KhamaTrl dated 624 H (#4299—PLU) 
[NEW] 

3 An astrolabe by Muhammad ibn Yusuf ibn Hatim dated 638 H (#154—Chicago AP) 

4 A saflha zarqalliyya by Muhammad ibn Muhammad ibn Hudhayl dated 650 H (#1071— 
Barcelona RAC A) 

5 An astrolabe by ‘Uthman ibn ‘Abdallah al-Saffar dated 699 H (#1077—Florence MSS) 

6 Three astrolabes by Ahmad ibn Husayn ibn Baso and a related unsigned piece 

a) Dated 694 H (#132—Madrid RAH) 

b) Dated 704 H (#144—Point Lookout LC) 
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c) Dated 709 H (#1203—PC) 

d) An unsigned, undated astrolabe (#1100—Vienna TM) 

7 An astrolabe by al-Husayn ibn ‘All dated 709 H(#1204—Cambridge WMHS) 

8 An astrolabe by Ibrahim ibn Muhammad ibn al-Raqqam (#136—Madrid RAH) 

9 A mater and a universal myrtle astrolabe by c All ibn Ibrahim al-Jazzar 

a) A mater dated 724 H (#4041—Geneva MHS) 

b) A universal myrtle astrolabe dated 728 H (#3579—Oxford MHS) 

10 An astrolabe by Ahmad ibn Muhammad ibn Harun al-Hadabl dated 728 H (#1121—Fez 
DB) 

11 An astrolabe by Ahmad ibn 'All al-Sharafi dated 729 H (#1161—Stockholm SSM) 

12 The astrolabic clock of Fez, first made by Abu 'Abdallah Muhammad al-Habbak al- 
Tilimsanl in 685 H (#4042 — Fez MSQ) 

13 An unsigned astrolabe in the tradition of Abu Bakr ibn Yusuf dated 779 H (#1061—Rome 
OBS—stolen) 

14 Three unsigned instruments in the tradition of al-Khama’irl 

a) An astrolabe for Seville (#3551—Naples MC) 

b) A rete and a plate (#3901—Venice MN) 

c) An astrolabe dated 785 H (#4043—Damascus AM) 

15 Some unsigned, undated astrolabes in the tradition of al-Khama’irl 
a-b) Two astrolabes with a saflha shakkaziyya on the back 

a) (#4044—Rockford TM) 

b) (#139—Oxford MHS) 

c) “Marcel’s Egyptian astrolabe” (#1160—PLU) 

d) (#4045—Bouillon MB) 

e) A late-13 th -C unsigned Andalusl / Maghribi astrolabe—“The Imola Astrolabe” 
(#4184—Bologna) 

f) “Dr. Knuthsen’s astrolabe” (#3640—PLU) 

g) With a replacement throne and Eastern Islamic rete (#3643—Washington NMAH) 

h) An unsigned Maghribi astrolabe, ca. 1600 (#40476—Geneva MAH) 

i) (#3601 or #3602—Haifa NMM) 

j) (#4047—Point Lookout LC) 

k) (#4048—Halle DMG) 

l) John Selden’s Maghribi astrolabe (#149—Oxford MHS) 

m) (#1001—Oxford MHS) 

n) (#1067—Madrid MAN) 

o) (#1066—Madrid MAN) 

p) (#151 = #1080—Genoa SLSP) 

q) (#4310—PC) 

r) An astrolabe with eight plates serving latitudes from the Yemen to Provence (#4051— 
Istanbul DM) 

s*) An astrolabic plate for latitude 34° with a simplified rete and cotangent tables on the 
back (#5027—London VA) 
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16 Three other undated, unsigned astrolabes not in the tradition of al-Khama’iri 

a) With a shakkaziyya grid on the back (#1078—Florence MSS) 

b) An astrolabe with a “counter-ecliptic” frame on the rete (#1068—Madrid IVDJ) 

c) “Dorn’s Aleppo astrolabe” (#126—PLU) 

17 An astrolabe by Muhammad ibn Faraj of Granada dated 881 H (#3552—Naples MC) 
17* An astrolabe made by Muhammad ibn Zawal (??) in Granada in 886 H (#4217—Granada 

MA) 

18 An astrolabe by Ahmad ibn c Umar al-Kabbl dated 933 H (#1188—Cambridge WMHS) 

19 An astrolabe by c All and Muhammad al-Azdl dated 950 H (“The Valdagno Astrolabe”) 
(#148—Rome OBS—stolen) 

20 An astrolabe (??) / or two astrolabes (??) by 'All ibn Muhammad ibn ‘Abdallah ibn Faraj 

a) Dated 910 or 1010 H (#2571—Washington NMAH) 

b) Dated 910 or 1010 H (#1178—Karachi UC) 

21 An astrolabe by Ya'qub ibn Musa Tapiero supposedly dated 716 H (but more probably 

1016 H) (#1122—Morocco PC) 

22 Miscellaneous bits and pieces 

a) A single plate (#154—Chicago AP) 

2 Late Eastern astrolabes (16 th to 19 th C) 

1 Late Eastern Islamic astrolabes in the early tradition (16 th to 19 th C) 

1 A degenerate astrolabe signed by Husayn ibn B-k-s (?) al-Rahaql in 913 H and displaying 
some unusual features (#4131—PLU, London Christie’s 1991) 

2 Two astrolabes bearing the signature of Yusuf ibn Hajjl al-Jllanl 

a) An astrolabe dated 929 H (#1031—Greenwich NMM) 

b) A fake astrolabe dated 927 H (#1030—Greenwich NMM) 

3 A composite astrolabe with a European mater and a set of plates and rete from al-Traq 
or Iran (#4130—Palermo BC) 

4 An anomalous astrolabe in the tradition of al-Khujandl by Wafa’-yi Munajjim and dated 

1017 H (#2708—Point Lookout LC) 

5 A similar, degenerate astrolabe signed by H-x-x (?) ibn al- c -f-w (?) (#4132—Washington 
SB) 

6 An astrolabe by Rida Khalil Banna 2 3 dated 1067 H (#2567—Washington NMAH) 

7 An unsigned astrolabe dated 1202 H (#57—Washington NMAH) 

8 Miscellaneous bits and pieces 

2 Late Egyptian and Syrian astrolabes (17 th to 19 th C) 

1 An astrolabe by ‘All Beg dedicated to al-Qadl Wall al-Mahmudl al-Ruhawl and dated 1040 
or 1104 H (#4125—Istanbul PC) 

2 A late, unsigned Egyptian astrolabe (#1065—Antwerp NSM) 

3 An unusual astrolabic plate for [Damietta] (#4133—Greenwich NMM) 
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4 An astrolabe of the “Fusoris”-type reworked by a Syrian or Egyptian in the 19 th C (#460— 
Antwerp NSM) 

3 Some late Ottoman Turkish astrolabes (17 th to 19 th C) 

1 Two astrolabes by ‘All ibn Twad al-Mahmudi 

a) Dated 1006 H (#3705—Kandilli OBS) 

b) Dated 1020 H (#70—Washington NMAH) 

2 Two unsigned, dated instruments 

a) A mater and plate dated 1062 H (#4206—Paris IMA) 

b) An astrolabe dated 1089 H (#28—Oxford MHS) 

3 An astrolabe by ‘All al-Za‘tarl dated 1082 H (#3712—Kandilli OBS) 

4 A replacement rete and two plates for an astrolabe by Adrian Descrolieres (#4104— 
Kandilli OBS) 

5 Two astrolabes and some replacement parts by Ibrahim ibn Muhammad al-Balawl 

a) An astrolabe dated 1097 H (#3539 = #3805—Paris IMA) 

b) A replacement rete and plate dated 1098 H for an astrolabe by Mahmud ibn Shawka 
al-Baghdadl (#4101—Kandilli OBS) 

c) An astrolabe dated 1099 H (#4108—Kandilli OBS) 

6 A replacement rete and plates by Ahmad Ayyubl dated 1097 H made for a mater by 
Mahmud ibn Shawka al-Baghdadl (#3533—Paris IMA—see 1.4.lOe for the mater) 

7 Three or four (?) astrolabes by Mustafa Ayyubl 

a) Dated 1110 H (#1218—Paris PC = b ?) 

b) Dated 1110 H (#4155—PLU = a ?) 

c) Dated 1114 H (#1059—London SM) 

d) Dated 1115 H (#3541—Paris IMA) 

8 An astrolabe by Ibrahim al-Muftl dated 1120 H (#1064—Liege MVW) 

9 An astrolabe by c Abdl dated 1125 H (#1222—Oxford MHS) 

10 Two instruments by the same maker 

a) A mater and rete and some plates to accommodate a set of ll th -C Andalusl plates 
(#4040—PC) 

b) (#4112—Kandilli OBS) 

11 Some late, undated, signed astrolabes 

a) Muqlm Zade (#4110—Kandilli OBS) 

b) “Yusuf’ (#4151—Istanbul TIEM) 

12 Some late, unsigned, undated astrolabes 

a) (#4152—Haifa NMM) 

b) (#4114—Kandilli OBS) 

c) (#4113—Kandilli OBS) 

d) (#4111—Kandilli OBS) 

13 Two unsigned and undated astrolabes made out of wood and cardboard 

a) An astrolabe (#4153—London AG) 

b) A rete and set of plates (#4154—London AG) 
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14 Miscellaneous bits and pieces 

a) An unsigned, undated mater (#4115—Kandilli OBS) 

b) A rete (#2537—Oxford MHS) 

c) The rete on the astrolabe of al-Husayn ibn 'All (#1204—Cambridge WMHS) 

d) Two plates on an astrolabe by Ibn Baso (#144—Point Lookout LC) 

e) Three plates on a Western Islamic astrolabe (#139—Oxford MHS) 

f) Two replacement plates on an astrolabe by 'Abd al-Rahman ibn Sinan al-BaTabakkl 
(#4050—Istanbul DM) 

g) An additional plate on an unsigned Maghribi astrolabe (#4051—Istanbul DM) 

4 Late Maghribi astrolabes (17 th to 19 th C) 

1 Three astrolabes by al-Hasan ibn Ahmad al-Battutl 

a) Dated 1097 H (#2707—Point Lookout LC) 

b) Dated 1103 H (#2568—Washington NMAH) 

c) Dated 1106 H (#3804—Cairo MIA) 

2 Some astrolabes by Muhammad ibn Ahmad al-Battutl 

a) Dated 1128 H (#3663—Point Lookout LC) 

b) Dated 1134 H (#1041—Greenwich NMM) 

c) Dated 1136 H (#1062—PLU) 

d) Dated 1146 H (#1023—Oxford MHS) 

e) Dated 1151 H (#1027—Greenwich NMM) 

f) Undated (#1024—Oxford MHS) 

3 An anonymous Maghribi astrolabe with a transversal alidade (#4049—London SM) 

4 Two astrolabes by Sharaf Allah 

a) Undated and dedicated to the Sharif Muhammad ibn 'Abdallah (#3544—Paris IMA) 

b) Unsigned and dated 1179 H (#1070—Madrid IGE) 

5 Some late, signed and dated Maghribi astrolabes 

a) An astrolabe by 'Abdallah ibn Sasl dated 1099 H (#145—Oxford MHS) 

b) An astrolabe by Muhammad ibn Ahmad ibn Ibrahim of Fez, dated 1104 H (#3709— 
PLU) 

c) An astrolabe by Ahmad ibn Muhammad ibn Ibrahim of Fez dated 1116 H (#1162— 
PFU) 

d) An astrolabe by Ahmad ibn Ibrahim al-Jazzar (?) (#3547—Tunis MA) 

e) An astrolabe by Qasim ibn 'Abd al-Salam al-Tamll in 1192 H (#1180—Tetuan ??) 

f) An astrolabe by Muhammad ibn 'All al-Ghazawl dated 1314 H (#1181—PFU) 

6 Three astrolabes by Muhammad ibn al-Mufaddal ibn Ahmad ibn Klran 

a) Dated 1126 H (#3918—Rockford TM) 

b) Dated 1264 H (#4134—Chicago AP) 

c) Unsigned and undated (#155—Oxford MHS) 
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7 Some late, unsigned Maghribi astrolabes 

5-7 Selected Indo-Persian astrolabes (16 th to 19 th C) 

5 Some astrolabes of the Safavid schools (16 th to 18 th C) 

Note: No instruments are listed here, though see King, Mecca-Centred World-Maps, pp. 
263-264, etc. The forthcoming Repertoire of Brieux & Maddison promises to be the most 
reliable source on these. 

6 Some astrolabes of the Lahore school (16 th to 17 th centuries) 

Note: I have not included any instruments other than the three earliest ones and the recently 
recovered universal astrolabe. The forthcoming survey by S. R. Sarnia (see the preamble 
to XlVf) promises to be the most reliable reference work on these. 

1* An astrolabe by [Maqsud Harawl] datable to the mid 16 th C (#4301—London NG) 

1 Two astrolabes by Allah-dad 

a) Dated 975 H (#1120—Hyderabad SJM) 

b) Undated (#1089—Oxford MHS) 

• A universal astrolabe attributable to Jamal al-Din ibn Muhammad Muqlm Lahuri (#4201— 
London AG) 

7 Miscellaneous Indo-Persian astrolabes (17 th to 19 th C) 

Note: No instruments included here. 


3 Eastern quadrants 
1 Early Eastern Islamic quadrants 

1 An horary quadrant for [Nishapur or the 4 th climate] by Muhammad ibn Mahmud (al- 
Tabari) (#5001—New York MMA) 

2 Sine quadrants on early Islamic astrolabes 

3 Universal horary quadrants on early Islamic astrolabes 

4 Horary quadrants for specific latitudes on early Islamic astrolabes 

2 Egyptian and Syrian quadrants (Mamluk and early Ottoman periods) 

1 An horary quadrant for [Cairo] by Sa c du ibn c Ali al-Mu’adhdhin (#5002—Kuwait PC— 
stolen) 

2 Five astrolabic quadrants by Shams al-Din Muhammad ibn Ahmad al-Mizzi 

a) Dated 727 H (#5003—London BM) 

b) Dated 727 H (#5004—Cairo MIA) 

c) Dated 730 H (#5005—Copenhagen DS) 

d) Dated 734 H (#141 = #5006—St. Petersburg OI) 

e) Dated 734 H (#5007—London BM) 

3 An astrolabic quadrant by c All ibn al-Shihab dated 735 H (#5008—London BM) 
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4 Two astrolabic quadrants by Abu Tahir 

a) Dated 741 H (#5009—Athens BM) 

b) Date illegible (#5010—Dublin CBL) 

5 An unsigned astrolabic quadrant for [Damascus] (#5011—Greenwich NMM) 

5* An astrolabic quadrant for Aleppo by Shams al-Dln ibn Ghars al-Dln al-Halabl dated 967 H 
(#5145—London Sotheby’s 2005) 

6 An astrolabic quadrant for Damascus by Muhammad al-Sakasl al-Jirkisi dated 1307 
(#5012—London BM) 

7 Some late quadrants 

a) An astrolabic quadrant for [Damascus] (#5013—London SM) 

b) An astrolabic and sine quadrant for Cairo by Muhammad Abi T-Fadl al-Falakl 
(#5014—Cairo ENL) 

c) For [Damascus] by 'Abd al-Muhsin ibn Salih Efendl al-Muradl, dated 1297 H 
(#5015—London NG) 

3 Maghribi quadrants 

1 An astrolabic quadrant for [Tunis] by Ahmad ibn c Abd al-Rahman al-Dahmanl, dated 854 
H (#5021—Madrid MAN) 

2 An unusual quadrant for [Marrakesh] (#5022—Chicago AP) 

4 Ottoman quadrants 

Note: Only some of the most remarkable are listed here. 

5 Some unusual signed Ottoman quadrants 

a) A quadrant with crescent astrolabic and winged markings on one side and a “complete” 
trigonometric grid on the other by 'Arab Zade 'Arif, dated 1117 H (#5151—Cairo ENL) 

b) An winged quadrant and multiple horary quadrant by Shukr Zade, dated 1178 H 
(#5152—Cairo ENL) 

c) A double horary quadrant for latitude [41°] by 'All, dated 1211 H (#5153—Cairo ENL) 

d) An astrolabic quadrant for latitude 37° by Dudl (?) and an incomplete multiple 
horary quadrant by (?) 'Uthman Busnawl (#5154—PLU) 

6 Some unusual unsigned Ottoman quadrants 

a) An astrolabic projection + two octants (#5155—Cairo ENL) 

4 Eastern sundials 

Anthony Turner has prepared a list of some 50 signed Islamic sundials to include in his 
forthcoming history of sundials. This adds to those listed below numerous late pieces, mainly 
featured in Brieux & Maddison, Repertoire, which is not available to me. 

1 Sundials from the Islamic East 
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2 Andalusi sundials 

Note: On these see King, “Three Andalusi Sundials”; and Labarta & Barcelo, “Un nuevo 
fragmento de reloj de sol andalusi”, and “Ocho relojes de sol hispanomusulmanes”; and 
King, “Cuadrantes solares andalusies”. 

1 A sundial by Ibn al-Saffar (#7301—Cordova MA) 

2 Six unsigned Andalusi sundials, all now fragmentary 

a) With markings for the zodiacal signs (#7302—Cordova ALC) 

b) (#7303—Almeria MA) 

c) (#7304—Cordova MA) 

d) (#7305—Cordova MA) 

e) (#7306—Cordova MA) 

f) (#7307—Sagunt MA) 

g) (#7308, etc. —Medinat Azara MA) 

3 A degenerate sundial (#7308—Granada MA) 

3 Ayyubid and Mamluk sundials 

1 A vertical sundial by Abu 1-Faraj Tsa dated 554 H (#7315—Paris BNF) 

2 An unsigned sundial for the Mosque of Ibn Tulun in Cairo, dated 696 H (#7316— 

destroyed) 

3 A sundial for Cairo by Khalil ibn Ramtash dated 726 H (#7317—London YA) 

4 A sundial for the main minaret of the Umayyad Mosque in Damascus made by c All ibn 

Ibrahim ibn Muhammad al-Ansarl (known as Ibn al-Shatir) in 773 H (#7318—Damascus 
AM) and a copy thereof by Muhammad ibn Mustafa al-Tantawl in 1293 H (#7319—Damascus 
MSQ) 

5 A sundial by Ahmad al-Harlrl dated 785 H (#7320—Cairo MSQ) 

6 An unsigned, undated Mamluk vertical sundial (#7321—Jerusalem MSQ) 

4 Maghribi sundials 

1 A sundial for Tunis by Abu T-Qasim ibn Hasan al-Shaddad dated 746 H (#7341 
MN) 

2 A column sundial by Ahmad ibn Muhammad al-Lamtl dated 747 H (#7342 
MSQ) 

3 A sundial for Kairouan (#7343—Kairouan MSQ) 

4 A sundial from an oasis in Southern Tunisia (#7344—location? MSQ) 

5 Ottoman sundials (selected) 

Note: Many pieces are featured in Meyer, Istanbul Sundials (text in Turkish). 

1 An unsigned horizontal sundial (#7351—Diyarbekr MSQ) 

2 A polar dial by Ibrahim al-Faradl al-Kurdl dated 1201 H (#7352—Acre MSQ) 

3 A horizontal sundial made during the reign of the Ottoman sultan Mehmet Khan, that is, 
ca. 1475, and renovated by ‘Abdallah Silahdar in 1208 H (#7353—Istanbul TSM) 

4 An Ottoman cylindrical dial (#7354—Paris IMA) 

5 Various sundials from Istanbul (< Meyer) 


—Carthage 
—Tlemcen 
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6 Indian sundials (selected) 

1 A horizontal sundial from Hyderabad (#7381—Hyderabad MSQ) 

2 A horizontal sundial from Delhi displaying European influence (#7382—Delhi MSQ) 

3 A horizontal sundial based on the principles of folk astronomy from Java, dated 1722 CE 
(#7383—Gresik) 

5 Miscellaneous Eastern instruments 
1 Globes (selected early examples) 

Note: Nos. 6001-6132 have been assigned to the globes surveyed in Savage-Smith, 
Islamicate Celestial Globes. No globes are included in the Frankfurt catalogue, but here, 
for the sake of completeness, I list only those that are before ca. 1500, as well as a few 
new ones. 

A Early Eastern Islamic globes 

0 

B Early Western Islamic globes 

1 Two globes by Ibrahim ibn SaTd al-Sahll al-Wazzan 

a) A globe signed by Ibrahim and his son Muhammad and dated 473 or 478 H (#6001 
Florence MSS) 

b) Unsigned (#6034—Paris BNF) 

C Eastern Islamic globes (12 th to 16 th century) 

1 A globe by Badr ibn ‘Abdallah Mawla Badl c al-Zaman dated 535 H (#6059—Tehran MIB) 

2 A globe by Yunus ibn al-Husayn al-Asturlabl dated 539 H (#6002—Paris IMA) 

3 A globe by Qaysar ibn Abl T-Qasim ibn Musafir al-Ashrafi al-Hanafi dated 622 H 
(#6003—Naples MN) 

4 A globe by Muhammad ibn Hilal al-Munajjim al-Mawsill dated 674 H (#6004—London 
BM) 

5 An undated globe by Muhammad ibn Mu’ayyad al-‘Urdl (#6005—Dresden SMPS) 

6 A globe by Muhammad ibn Mahmud al-Tabari al-Asturlabl dated 684 H (#6006+— 
London NG) with a late copy (#6006—Paris ML) 

7 A globe by ‘Abd al-Rahman ibn Burhan al-Mawsill dated 718 H (#6060—Oxford MHS) 

8 Four globes by Ja‘far ibn ‘Umar ibn Dawlatshah al-Kirmanl 

a) A globe dated 764 H (#6007—Oxford MHS) 

b) A globe dated 785 H (#6008—Istanbul OBS) 

c) A globe dated 813 H (#6061—Paris IMA) 

d) A globe dated 834 H (#6062—London BM) 

New (not recorded by Savage-Smith) 

• An unsigned globe datable to the 14 th century (#6133—Tartu EAS) 

• The horizon base of a celestial sphere by Ahmad al-Qarlml dated 1146 H (#6134—Istanbul 
DM) 

• An Ottoman globe (#6135—Istanbul RKM) 

• The frame of an Ottoman globe (#6136—Istanbul RKM) 
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2 Spherical astrolabes 

Note: On these see Maddison, “15 th -Century Spherical Astrolabe”, and Canobbio, “Frag¬ 
ment of a Spherical Astrolabe”. 

1 A spherical astrolabe by Musa dated 885 H (#8001—Oxford MHS) 

2 Fragments of a spherical astrolabe from [Tunis] (#8002—Milan PC) 

3 Equatoria 

1 Fragments of an equatorium by Hibatallah dated 514 H (#3633 = #8003—formerly Munich 
PC, now Berlin MIK) 

4 Luni-solar gear mechanisms 

Note: On this see Hill, “Al-Blrunl’s Mechanical Calendar”. 

1 A geared mechanism on an astrolabe by Muhammad ibn Abl Bakr al-Farisl (#5 = #8004— 
Oxford MHS) 

5 Compendia 

Note: On these see Janin & King, “Ibn al-Shatir’s Compendium”; Brice & Imber & Lorch, 
“Equatorial Semicircle”; and Dizer, “Equatorial Semicircle”. 

1 A sanduq al-yawaqlt, “jewel-box”, by Ibn al-Shatir, dated 767 H (#8005—Aleppo IHAS) 

2 A plate from a “jewel-box” made by Muhammad al-Jawharl for al-Wafa’l in 847 H 
(#8006—Kandilli OBS) 

3 Ottoman examples of al-WafaT’s equatorial dial 

a) * Signed by c All al-muwaqqit Abu T-Fath and dated 1161 H (#8010—London NG) 

b) Signed by c All al-muwaqqit Abu T-Fath and dated 1166 H (#8007—Kandilli OBS) 

c) Unsigned (#8008—Kuwait DAI) 

d) Unsigned (#8009—Damascus AM) 

6 Qibla indicators (selected) 

Note: On these and numerous others, see King, Mecca-Centred World-Maps, index on pp. 
423-424. 

1 The qibla indicator on the compendium of Ibn al-Shatir (#8005—Aleppo AM) 

2 A ceramic compass bowl by Thabit datable ca. 1520 (#8026—Damascus AM) 

3* A Safavid disc displaying qibla values (#8028—Graz SLMJ) 

3 An Ottoman qibla indicator by Muhammad Tzz al-Sabbagh ca. 1800 (#8022—Paris IMA) 

4 A Safavid qibla indicator based on a crude geographical scheme (#8023—Oxford MHS) 

5 Three undated (late 17 th -C) Safavid qibla indicators featuring Mecca-centred world-maps 
based on a rectazimuthal cartographic projection and a European-type universal inclining 
sundial 

a) Unsigned (#8024—Kuwait DAI) 

a) Signed by Muhammad Husayn (#8025—Paris PC) 

a) Signed by Hasan Husayn (#8150—Boston PC) 
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7 Nocturnals 

1 A late Maghribi nocturnal (#8091—Oxford MHS) 

2 A late Iranian nocturnal (#8092—Oxford MHS) 

8 Annular scales 

1 Unsigned late Safavid annulus (#8093—Oxford MHS) 

2 Annulus signed by c Ala 3 al-Dln (#8094—Chicago AP) 

9 Templates for astrolabe construction 

1 Unsigned, undated late Safavid template (#8105—Oxford MHS) 

X Some fake Eastern astrolabes 

On these, see Brieux, “Authenticite des astrolabes”; Gingerich, “Fake Astrolabes”, and idem 
& King & Saliba, “The c Abd al-A’imma Astrolabe Forgeries”; King, “Review of London 
Khalili Collection Catalogue”, cols. 257-258; also X-ll and XIVf-7. 
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abbreviations —» Arabic, Latin 

abbreviations —» Arabic, Latin 

abjad —» numerical notation, Arabic 

Alamut -> XI-5.2:4 

Aleppo, medieval —» X-10; XIVb-5 

Algiers, medieval —» XV-2.12, 3.21, 4.5, 4.6 

alidade —> astrolabe alidade 

alphabet, medieval Latin —» XV-1:38, 3.2 

-, symbol 9 -> XV-2.2, 3.2, 3.4, 4.2 

alphanumerical notation —» number notation 
Alphonsine Tables —> XI-1.3.7, 3.11 
American Research Center in Egypt —» Cairo, ARCE 
analemma —» XIIb-6c 

al-Andalus, definition of, in modern studies —» XV-1; 
XVII-0 

annulus with scales —» X-9.6, F9.6.2a-b 
Antikythera device —» X-8, Xllb preamble 
Anti-Meroe —> XVI-11 

approximate formula for timekeeping —» XI-2; XIIa-3 
et passim 

-, accuracy of —» XI-2.3 

-, instruments based on —» XI-8 passim 

approximate versus accurate solutions —» XIIb-1, 1:2 
Arabic, Andalusl —» XV-2.9, 3.6, 3.30 
Arabic script -> XIIIb-1.5, 2.2; XV-3:116 

-, abbreviations —» X-F6.4.3; XIIIc-8, 9 

-: naskhi in medieval al-Andalus —» XV-2.2, 3.6 

-:—on Abbasid astrolabes —» XIIIb-1.5; XIIIc- 

1 . 2,2 

-, mirror ( muthanna ) —» XIIIa-10:113, FI0.9a 

Armenian -> XIIIa-10:107, F10.8; XIIIc-1.1, 1.2, 
12.3; XIVd-4 
armillary spheres —» X-3 

art, instruments as scientific works of —» XIIIa-12 
artwork, Islamic, miscellaneous —» XIVb-3:6; XV- 
3:222 and 246-247 

art, instruments illustratedin European works of —» 


XIHa-F 10.4c; XIIId-2.9, F10 
ascensions, oblique —» XIIb-12, 12:6 and 7 
c asr prayer and seasonal hours —» IV passim ; XIVb-1 
c asr —» prayers 

astrolabe, general 

— , early history of -> XIIIa-4; XIIIb-1.2; XHIe 
passim 

— , origin of —» XHIe passim 

— , etymologies of the Arabic term for —» XHIe 
passim 

— , size of -> XIVc-0; XIIIb-3.2; XV-3.7 

— , standard —» X-4 passim 

— , geography of —» X-4.4; XVI passim 

— , graphical representation of functions —> X-F4.5.2- 
3; XI-6-7, etc.; XIIIa-5 

— , construction of -> VIa-9; VIb-7, 16, FI6.1; X-4.2, 
F4.2; XIVa-3 

— not used in navigation —> XIIIa-1 :2 
astrolabe, Greek / Byzantine 

astrolabe from 1062 (#2) -> XIIb-9:5, B; XIIIa-1, 

1:15, 4, F4.1a-b; XIIIb-1.2, 3.5, 3.6, etc.; XVI-3 

— plate with Greek inscriptions —» XIIIa-12.2, F12.2; 
XIVa-2; XVI-F3.2 

astrolabe, Roman / Graeco-Roman 
astrolabe, Roman / Graeco-Roman tradition of —> X- 
4.7; XIIIa-F9.1a, F9.2a-b; XV-3.23; XVI-5 
astrolabe, Islamic 
astrolabe, oldest —» XHIb passim 

— , earliest —» XHIb passim ; XIIIc passim 

— , innovations to —> XIIIa-5, 7; etc. 

— , construction of -> VIa-9; VIb-7, 16, FI6.1; X-4.2, 
F4.2; XIVa-3 

— : geographical gazetteers —> XIIIa-5 
astrolabe throne 

astrolabe throne design —» XIIIc-1, etc., 10; XIVb-3.1; 
XV-1:33, 3.8; etc. 

astrolabe rete 
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astrolabe rete design —> VIII-3; X-4.3; XIIIa-5-6; 
XIIIb-2.4, 3.4; XIIIc-9; XIVb-2, 4, 5, 7; XIVd-1, 

2; XV-1:33, 3.9; XVII passim; etc. 

-bearing representations of the constellations —» 

X-F4.3.1; XIIIa-7 

-decorated with mihrabs —» XIIIc-9, F9o 

-decorated with quatrefoils —» XVII passim 

-decorated with endless knots —> XIVd-F1.2, 

FI.3a; XV-3.29, F18a-b, F19 

-, simplified -> X-F4.1.4, F4.1.5 

astrolabe rete —» also stars, astrolabe 
astrolabe plates 

astrolabe plates, universality of —» XVI-2, 3, 4, 7, 12 

-for the climates -> XHIb; XVI-2, 3, 4 

-, latitudes on —» XIIIc passim ; XlVb passim ; 

XV-2.10, 2.12, 3.18-21; XVI passim ; etc. 

-, exotic places featured on —» XVI-7, 10 

-: azimuth curves —» azimuth curves 

-: plate of horizons —» XIIIc-8.1 

-:-, first mention by Habash —> XIIIa-5 

-for the latitude of the Arctic Circle for coordinate 

conversion -> XIIIa-5; XVI-10, FI0.2-3 

-for 0° and 90°, also 72° -> XIIIa-5; XVI-10, 

F10.1, F10.4 

-for latitude 16;30° south -> XIIIa-5; XVI-11, 

FI 1.1 

-marked for southern latitudes —» also al-Aqfahsl 

astrolabe back 

astrolabe back, devoid of markings —» XIIIb-2.6, 3.15; 
XIIIc-2, 3,1, 5, 6 

-decorated with endless knots —» XV-3.29 

-, calendrical / solar scales —» X-4.7, F4.7.1; 

XIIIa-5, 9, 9:78; XIVa-A2; XIVb-3.1, 10; XV-1:37, 
2.15, 3.23-24 

-, trigonometric quadrant —» XIIIa-5 

-, horary quadrant for a specific latitude —» X- 

F4.7.3; XIIIa-5; XIIIb-8.1, 9 

-, universal horary quadrant —» XIIIa-5; also 

quadrant, horary, universal 

-: shadow scales, earliest —» XIIIa-5; XIIa-B 

-: shadow scales —» also shadow scales 

-: universal sundial on alidade —> alidade 

-: viewing tube on alidade —» alidade 

astrolabe alidade 

alidade, varieties of —» XIVa-3, F3.3-4 

— with conical sighting tube —» XIIIa-5; XIVa-2, 3 

— , making a mark on the —> XIIa-9 

— , universal sundial on —» Xlla-C; XIIIa-5; XIIIc- 
11; XIVa-2 

astrolabe: astrological markings 


astrolabe: plates for casting the rays —» XIIIa-5; 
XIIIc-9; XIIId-2.5; XVI-F7.1, 9 

— : astrological data on back —» X-F4.5.2, 4.6, F4.6.1, 
4.7.3; XIIIa-5; XIIIc-8.2, 9, 10; XIVc-1; XIVd-1, 
4-5 

astrolabe: markings for prayers, twilight, qibla 

astrolabe: markings for prayers —» IV-F7.2, F7.3; X- 
4.5, F4.5.1; XIIIa-5; etc. 

— twilight -> XIIIa-5; XV-3.22 

— :—qibla -> XIIIa-5; XIIIc-11, FI lb; XIVd-1 
astrolabe, universal 

astrolabe, universal —» X-5.2; XIVb-5.1; XlVg 

— , universal plate of Ibn Baso —> X-5.2; XIIIa-7 ; 
XIVb-6.2 

astrolabe, special 

astrolabe, non-standard —» X-5 passim 
astrolabe, geared -> X-5.4, F5.4.1-3; XIIIa-7; XHId- 
1.3; also #5 and #198 

— , linear X-5.6; XIIIa-7 

— , spherical -> X-5.5, F5.5.1; XIIIa-7 

— , melon ( mubattakh ) —> X-5, F5.1.2; XIIb-12:l; 
XIIIa-7 

~ : ogival markings -> X-5; XIIIa-5; XIIIc-12.1; 
XIVb-3.1 

— with extended radius of projection, called kamil —> 
XIIIa-5; XIIIc-8.1 

— based on mixed north-south stereographic 
projection -> X-5.1, F5.1.1; XIIIa-7; XIIId-1.3, 

1.4; also drum and myrtle below 

— , drum ( mutabbal) —> XIIId-1.3, F5 

— , mughni —> VIb-5 

— , myrtle (dsi) -> X-5, F5.2.4-5; XIIId-1.3, 1.4, FI, 
F5, F6; XIVb-3.1-2 

— , solid ( mujammad) —> X-F5.1.3 

— with special retes and plates on which the ecliptic 
and stars are superposed on the altitude circles for a 
specific latitude —» XIIIa-7 

— , zawraqi -> XIIb-l:7, 17; XIIIa-7 
-, confusion with navicula —> XIIb-l:7 

— engraved with tables of the form usually found in 
zzyes —> XIIIa-7 

astrolabes, Islamic, specific (selected) 

astrolabe in 1001 Nights XIIIb-3.11; XIVd-1:16; 
XV-3:214 

— for pilgrim to take on the hajj —> XV-3.17; XVI-7 

— with inscriptions deleted in medieval Europe —> 
XV-3.6 

— with additional inscriptions in Hebrew —» XV-1:22- 
24, 3.20 

— with luni-solar gear mechanism (#5) —» X-5.4; 
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XIIIa-7; XVII-1, FI.4 

astrolabic clock in Fez —» X-5.4, F5.4.4a-c; XIIIa-5 
astrolabic clocks —» astrolabe, plate marked for 
southern latitudes 

astrolabes, medieval European (selected) 

astrolabe, “Carolingian” (#3042) -> XIIIb-1.3; XHIa- 
9; XVI-5, 5:36 

— , medieval Andalusl/ Maghribi (?), with inscriptions 
in Judaeo-Arabic —» XVII-3 

— —Catalan -> XVII-3 

— —English, by “Blakene” -> XVII-3 

— ,-, unsigned —» XVII-3 

— , medieval European, with inscriptions deleted in 
Islamic world —» XV-3.6 

— ,-, with latitudes confused —» XV-4.4, XVI-12 

— ,-, with more than one layer of inscriptions —» 

XV passim , also 1:31 

— ,-, with star-names omitted —> XV-4.4 

— , medieval French (#2041) -> XIIIc-9, F9n; XV- 
3:205; XVII-3, 3:23 

— ,-, star-pointers unfinished (#4551) —» XHIa- 

F3.1b 

— ,-, with luni-solar gear mechanism (#198) —» 

XI-11.2:4; XIIId-1.3 

— ,-, with monastic ciphers (#202) —> VIII-3, 

F3.1; X preamble; XIIIa-10, FI0.3c; XVII 
preamble 

— ,-: upper equinoctial bar (indicative of Islamic 

influence?) -> VIII-3; XIVb-2, F5a-d 

— , medieval German, by Ludolfus de Scicte (#2027) 
-> XVII-3 

— ,—Spanish, with inscriptions in Hebrew, Latin and 
Arabic —» XV passim ; XVII-3 

— ,—Italian, with inscriptions in Hebrew —» XVII-4 
astrolabes, medieval European, dated from before ca. 

1450 —»XV-1:30 

-, signed from before ca. 1500 —» XV-1:29 

-, with additional markings in Hebrew —> XV- 

3.20 

astrolabes, Renaissance (selected) 

astrolabe presented by Regiomontanus to Bessarion 
(#640) —» XIIIa-10, F10.6a-d; also Byzantine 
influences 

— attributable to Hans Dorn of Vienna (#164) —» 
XVII-5 

— : design of Louvain retes —> XIIIa-10, F10.9a-c 
“astrolabe” of Tobias Mayer —» XIIIa-l:2 
astrolabe illustrated in Libros del Saber —» XV-F13a 
-by Jan van Eyck —» XIIId-2.9, FlOa-b 

-by Antonio da Sangallo —» XIIIc-1.3, F1.3a-b 


-in Urbino intarsia —» X-4.3; XIIIa-10; FI0.4c; 

XIIId-2.2 

astrolabes, Sanskrit 

astrolabe, Sanskrit —» XIVf-6 

astrolabe —» also alidade, quadrant, quatrefoil; 

universal horary quadrant; Vega as bird; etc. 
astrolabes in specific collections 
astrolabes in Baghdad —» preface 2; XIIIb-1.1, 2.1, 5, 
A (astronomical instruments formerly in collection) 

— Chicago -> XIIIa-l:2, 12 

— Florence —» XIIIa-12 

— Frankfurt -> XIIIa-6, F6.2a-g. F6.3a-d 

— Greenwich —» XIIIa-12 

— Kuwait —» XIIIc preamble, 9, A1-A2 

— Leiden -> XIIIa-3:41 

— Munich -> XIIIa-l:2, 3:41 

— Nuremberg —» XIIIa-l:2, 12 

— Oxford -> XIIIa-12 

— Paris (IMA) —» preface; XIVb preamble 

— Spain -> XIIIa-l:2 

— Strasbourg —» XIIIa-3:41 

— Washington -> XIIIa-12, 12 
astrology —» X-F1.2 

— : casting the rays —> XIIIa-5; XIIIc-9; XVI-9; also 
astrolabe, astrological markings 

astrological data on astrolabe —» astrolabe, astrological 
markings 

— symbols for planets —» planets 
astronomical timekeeping in medieval Islamic 

civilization —» I-III; XI; etc., also timekeeping 
astronomy in medieval Baghdad —» preface 2 (website 
listing publications); XHIb; XIIIc-1-9; etc.; also 
Baghdad, medieval 

-Central Asia —» XIVd 

-Syria —> XIVb passim ; XIVc 

-Yemen —» XI-3.7, 3.8; XlVa passim , esp. B 

-Ottoman Turkey —> XIVe-0 

— medieval England —» XIIb-6, 10 

-, influence in German-speaking world —» 

XIIb-10 

— in Muslim India —> XIVf passim 

— , Ottoman —» XlVe passim 

— , Seljuk XIVe-0 

Athens, Benaki Museum —> preface; XIIIa-1; XlVb- 
5.1 

al-Atwal wa-‘l- c urud —> XIIIc-10; XVI-4:29 
auxiliary functions for timekeeping —> XIIb-5b 
azimuth curves on astrolabe plates, unusual 
construction for —» XV-3.17 
-, first mention by al-Khwarizml —> XIIIa-5 
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Baeza, medieval —> XI-4.4 

Baghdad, medieval -> X-10; XI-3.2, 3.3, 4.1, 4.3, 5.1; 
XIIb-9a-c, 17; XIIIb-3.14 etc.; XIIIc-1-9; XHId- 
1.3; XVII-1; also astronomy in medieval Baghdad 
and latitude of Baghdad 

Baghdad and Kufa featured amongst the stars of an 
astrolabe rete —» X-4.5.5 
Baghdad, Archaeological Museum —» preface 2; 
XIIIb-1.1, 2.1, 5, A (astronomical instruments 
formerly in collection) 

Balad, medieval —» XIIIc-4 

— , modern —» preface 2 
Barcelona, medieval —> XIVb-F7c 

Barcelona school of history of Islamic science —» XV 
dedication, preamble 

basmala as decoration on rete —> XIIIa-F 10.9a, 

10:114 

Beziers, medieval —» latitude of Beziers 
bird —» Vega as bird 

Biruni Newletters (Frans Bruin) —» Xlla preamble 
Black Death -> XV-1:11,4.3 
Bologna, Hebrew astrolabes from —» XV-3.20 
“Bombay school” of instrument fakers —» XIVf-7 
Bonn, DFG -> DFG 
brachiolus -> X-F5.2.3; XI-8.2; XIIb-2 
Bremerhaven, DSFM —» XIVf-7 
Burgos, medieval —» XV-3.19 
Byzantine astrolabe —» astrolabe, Greek / Byzantine 
Byzantine influences —» XIIIa-4, FI0.6b (dedication 
of #640); XIIIc-12.2, F12.2; XIVa-3; XVII-1, 3 
Byzantine ring-dial —> XVI-3 

Cairo, ARCE = American Research Center in Egypt —» 
XIHe preamble 

— , Museum of Islamic Art —> XIVe-1 

— , medieval -> X-10, etc.; XIIIb-3.14; XIIIc-A2; 
also latitude of Cairo 

-, orientations in —» VHb 

— , Mosque of Ibn In -> X-7.2, F7.2.3 
Cairo —» also ventilators 

calendar / solar scale —» X-F4.1.5, 4.7, F4.7.1; XHIa- 
5, 9, 9:78; XIIIc-1.3, 6; XIVa-A2; XIVb-3.1; XV- 
1:37, 2.15,3.23-24; etc. 

calendar scale, Coptic months —» X-4.7; XIIIa-9, 9:78; 
XIVa-A2; XIVb-3.1, 10 

-, Syrian months -> X-4.7, F4.7.1; XIVa-A2; 

XIVb-3.1, 5.1, 10 

-, Western months —» XIIIc-1.3, 6; etc. 

— , Coptic, dates of entry of sun into signs —> XIIIc- 
3.2 


calendrical data on naviculas —» XIIb-9d 
calendar —» also month-names, French 
Canterbury, medieval —» XIIb-F6c; see also sundial 
from Canterbury Cathedral 
cartouches —» XV-3.25-26, 3.29 
casting the rays —» astrology 

Chicago, Adler Planetarium, astrolabes in —» preface; 
XIIIa-1, 12 

chiffres de Fes —> XIVd-4, 4:3 
Christie’s -> X-Fll.l, FI 1.3; XIIIa-1; XlVg; XV-1:1; 
also Collins, Jeremy 

ciphers, monastic —» VIII-3, F3.1; X preamble; XHIa- 
10, FI0.3c; XVII preamble; also #202 
“circle of the moon” —» moon 
circus figures on astrolabe rete —» XIVb-2 
climates -> X-4.4; XI-2; XIIIa-1, F 1.1, 4, 9, 10; 
XIIIb-2.5, 3.11, 3.14; XIIIc-12.2; XIIId-1.2, 2.5, 
2.8; XIVa-2; XVI-2, 3, 12 

— , changing latitudes of —» XVI-2, Table 1 

— , boundary of C3/C4 -> XVI-6 

— , C4 ^ X-F1.8, F4.4.1, F4.7.3, F7.2.8; XI 
preamble, 4.2, 5.2; XIIIb-3.14, 4; XIIIc-3.1, 13; 
XIVb-1, 3.1; XV-4.5; XVI-4; also latitude 36° 

— , boundary of C4/C5 XVI-6 

— ,C7^XIIb-15:2 

— , C8 -> XIIa-F7a 

clock, astrolabic —> X-5.4; XIIIa-5 

— , water —» XIVa-3 

— , pendulum —> X-9.7 
codes, magic —> XV-3.27 
Colchester navicula —> #8538 
Cologne —» Liege / Cologne 

compass, magnetic —> X-F1.7, F7.1.3, 9.2; XIVa-B; 
XIVb-9 

-, for determining qibla —> X-F1.7, 9.2 

— needle, deviation from true meridian —» X-F1.7 
compass bowl, ceramic —» XIVb-9 
compendia —> X-9.3 passim 

computers, problems with —» prefaced; 

Constantine: Constantinople for Constantine —> XVI-7 
Constantinople / Rome —» XVI-5 

— for Constantine —> XVI-7 
Constantinople —> latitude of Constantinople 
constellations depicted on astrolabe retes —> XIIIa-7, 

F7.1; XIVb-2 

— represented by circus figures —> XIVb-2 
construction of astrolabes —> astrolabes, construction 

of 

— sundials —> sundials, construction of 
coordinate conversion —» X-7.1; XVI-10, FI0.1-2 
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Copenhagen, Davids Samling —» preface; 

Coptic inscriptions —» XIIIc-3.2 
Coptic —» also calendar, Coptic 
Cordova, medieval —» X-F7.2.1, 10; also latitude of 
Cordova 

cosecant function —» XI-2.1; XIIb-8:6 
Crusades -> XIIb-6c; XlVb preamble; XIVc-2 
cursor on universal horary quadrant —» XI-9.0, 9.1, 

9.6, A4; XIIa-4, Al, comm. ch. 1 
—, optional, for universal horary quadrant —» XIIa-4 

dairat al-mu c addil —» equatorial dial 
Damascus, medieval —» X-10, etc.; XIVb-0, 8.2, et 
passim ; XIVc passim ; also Syria 

— , Umayyad Mosque —» XIVb-8.2 

dating by equinoxes and solstices —> calendar / solar 
scale 

daylight, longest -> XIVd-1; XVI-3,Table 2 
Delhi -> X-10 (14 th C); XIVf-2; XlVg 
Description de I’Egypte —> X-F7.2.4 
DFG = Deutsche Forschungsgemeinschaft, Bonn —» 
preface; XIIb-l:13; XHId preamble; XVI preamble 
dials, universal horary —> Xllb passim 
direction of Kerbela —> Kerbela, direction of 
direction of Mecca —» qibla 
drum-shaped ecliptic —» astrolabe, special, drum 
Dublin, Chester Beatty Library —» preface 
duha prayer at mid-morning —» IV; X-F7.2.6 
Dunwich, medieval —» XIIb-F6b 
Dustur al-munajjimin —» XI-5.2 

eclipse computers (first described by Nastulus) —» 

XIIIa-7 

England, medieval, origin of navicula in —» XIIb-6 
equatoria —» X-8 passim 

equatorial dial, semi-circular —» Via-17; VIb-14, 

F14.1; X-9.3, F9.3.4 

equinoxes and solstices, dating by —» calendar / solar 
scale 

errors: Constantinople for Constantine —» XVI-7 

— : latitude of Constantinople as 45° —» XVI-5 

— : latitude of Paris —» XVI-12 

— : latitudes confused on medieval European astrolabe 
plates -> XV-4.4; XVI-12 

— : incorrectly-constructed shadow-squares —» Xlla- 
B, FB5a-b; XV-3:181 

etymologies of asturlab / asturlab —> XHIe passim 
European additions to Islamic instruments —» XHIa- 
F1.2, FI.3, F1.4; XIIIc-1.3, 6, 11; XIVb-2 
European tables for timekeeping —> 1-10; XI-3.11, 4.4 


-of solar altitude at the hours —» XI-4.4 

exact and approximate solutions —» XIIb-3b 

fake instruments —> X-ll (quote), 11, FI 1.1-3; XHIa 
preamble (quote), 6; XIIIc-6; XIIId-2.7; XIVf-7 
feria —» XV-2.18 
festivals —» c id 
Fez -> XIVd-4 

— , astrolabic clock —> X-F5.4.4a-c 
Fez —» also chiffres de Fes 

Florence, Museo di Storia della Scienza, astrolabes in 
-> preface; XIIIa-1, 12 
folk astronomy —> III passim 

-, Yemeni —> XIVa-B 

Ford Foundation —» XHIe preamble 
formulae for timekeeping —> XIIb-5a 
fractions, history of —> XV-3.5 

— , decimal, “discovery of” —» XV-3:92 

— , unusual forms for XV-2.10, 3.5, F7b, FI 1 
Francia —» Roma et Francia 

Frankfurt catalogue of medieval instruments —> 
preface; XIIIa-2c; XV-1:14; XVIII preamble; also 
DFG 

functions, graphical representation of —> graphical 
representation 

gazetteers, geographical on astrolabes —» XIIIa-5 
gear mechanisms —> astrolabes, special, also #5 and 
#198 

Gentlemans Magazine of 1787, with illustration of 
navicula —> XIIb-2:8 
geodetic measurements —» XVI-6 
geography of astrolabes —» X-4.4; XVI passim 

— , sacred X-F1.7; XIVa-B; XV-3.29 
geographical coordinates (Kennedy & Kennedy) —» 

XIIIc-3.2, 10; etc.; also latitudes 

— table, Timurid —» XIVb-9 

geography: zero meridian —> corrigenda to vol. 1, note 

* 

globes, celestial —» X-3 
globular projection —> XIIb-16 
gnomon in Janad —> III-F1.2b 
Granada, medieval —> X-10; XV-F16 
graphical representation of functions —» X-F1.8, F4.5.2- 
3, F4.7.3; XI-6-7, etc.; XIIIa-5, 12:119; etc. 
Greenwich, National Maritime Museum, astrolabes in 
—> preface; XIIIa-12 

— navicula from Sibton Abbey —> VIII-3; XIIb-2, 

2:8; also #8536 

Gresik (Java) —» sundial in Gresik 
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Gurganj —» XIIIb-3.14, also latitude of Gurganj 
Hamadan —» X-F4.1.6 

Harran —> XIIIb-3.14, also —» latitude of Harran 
hash sign # —» symbol # 

Hebrew alphanumerical notation —» number notation, 
alphanumerical 

— script for Arabic —» Judaeo-Arabic 
Hebrew —» also Jewish 

hemispherical instrument of al-Khujandl ( al-dla al- 
shamila) -> X-F3.6; XIIa-2:l; XIIIc-9 
Heraclea Pontica —» XVI-5:37 
Herat -> XIVd-1, FI.4a 

horizons, plate of, first mention by Habash —> XIIIa-5 
hours, planetary —> XIIa-13 
houses, equalization of the —» XVI-9 

Ibn Baso plate —» XIIIa-7; XIVb-6.2; also Ibn Baso 
c ld (festivals), markings for —» XIVb-10 
Ifrad al-zilal (al-Blrnl) —» XI-1.3.1, 2.1 
“Imola astrolabe” -> XVIII #4184 / 1.6.15e 
India, museums in —> XIVf preamble 
Indian astronomy —» XI-2.1, 2:9, 6.4 
Indian astronomical instruments —» XIVb-3.2 
“Indian circle” —» X-F9.7a 
instruments for timekeeping —» V-9; etc., etc. 
instrument for timekeeping by night —» X-9.1; XIIb-12 
instruments from early Baghdad —» XHIb passim ; 
XIIIc passim ; etc. 

— from Muslim India —> XI Vf passim 

— from medieval Syria —» XIVb passim ; XIVc 

— from 15 th -century Vienna —» XIIb-10:15 

— from medieval Yemen —» XlVa passim 

— , observational —» X-2 

— , Renaissance —> XV-1:43 

— , universal —» Via-11-18; XI passim ; Xlla-b 
passim 

interpolation for latitudes intermediate between those 
of plates -> XIIIb-3.14 

Iraq, 2003 invasion of —» preface 2; XHIb preamble 
Isfahan, medieval -> X-10; XIIIc-10, 11, Al; XVII-1; 
also latitude of Isfahan 

— , mahilla of Salihan —» XIIIc-11 

— , Malikshah Observatory —> XIIIc-10 
Isma c ilis —> XI-5.2 

Istanbul —» XIIb-11; XlVe passim 

— Observatory (16 th century) —> X-Fl.l 

— , Deniz Miizesi —> XIVc passim 

— , IRCICA XlVe preamble 

— , Topkapi Sarayi, sundial —» X-F7.2.9 


Italy, medieval —> XHId passim 

— , Renaissance —> XHId-1.4 
ivory X-F1.6, F6.1.3, F6.3.3 

Jaipur -> XIVf-4 
Janad —> gnomon in Janad 
Jerusalem —> XV-3.18 

Jewish craftsmen in Italy (Bologna?): astrolabes with 
Hebrew inscriptions —» XVII-4 
-in Spain -> XV-3.18, 4.1 

— sources on origin of the astrolabe —> XIIIe-0 
Jews —» see also Hebrew; Judaeo-Arabic; number 

notation, alphanumerical, Hebrew 
Judaeo-Arabic -> XV-2:54, 3.7; XVII-3; also #3915 

Kerbela, direction of —> X-F4.1.6, F4.5.4 
al-Khwarizml’s geographical tables, Iranian 
modification to —> XIIIc-10 
Kirman with latitude 30° -> X-F4.4.1; XIVd-2 
Kitab —> first significant word of title 
knots, endless, on astrolabes —> XIVd-Fl.l, FI.3a; 
XV-3.29 

Kufa and Baghdad featured amongst the stars of an 
astrolabe rete —» X-4.5.5 
Kuwait, Museum of Islamic Art —> XIIIb-5 

Lahore X-10; XIVf-2, 3; XlVg; XVII-1 
Latin —» alphabet, medieval Latin, also for letter/ 
symbol 9 

Latin abbreviations —» XV-3.2 
Latin ligatures —> XV-3.2 

Latin, vernacular influence in —» XV-3.3, 3.15; XVIII 
preamble 

latitudes, lists of —> XIIIc-3.2 

latitude 13;37° (Taiz) X-F7.1.3; XIVa-2, 3, 4, Al 

— 16;30° souths XVI-11 

— 21;40° ^XVI-6 

— 22° XIVb-7* 

— 24° —» XIIId-1.1, 2.5 

— 27° XIVf-4, 5 

— 29; 15° ^XVI-4, 4:25 

— 29;36° ^XIIIc-10 

29;55° XIIIc-2; XVI-4, 4:25 

— 29;56° XIVb-4 

— 30° (Cairo-Fustat) -> X-F1.6; XIIIc-A2 

— 30° (Kirman) X-F4.4.1; XIVb-3.1 

— 32° XIIIc-11; XIIIa-6; XVI-4 

— 32;25° / 32;30° X-F4.5.2; XIIIc-10 

— 33° (Baghdad) -> X-F1.6; XIIa-Al, comm. ch. 9; 
XIIIc-1.1, 3.1, 6, 8.1, 9; XVI-4 
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— 33° (Damascus) -> XIVb-1 

— 33;9° ^ XVI-6 

— 33;25° ^XIIIc-10 

— 33;27° -> XIVb-7 

— 33;30° —> XIVb-4, 6.1, 10 

— 34° (Samarra) —» X-Fig, 7.1.1 

— 36° (Algiers) -> XV-4.5 

— 36° (Hamadan) -> X-F4.5.4 

— 36° -> X-F1.8, F4.5.2, F4.7.3, F7.2.8; XI preamble, 
4.2; XIIIb-3.14, 4; XIIIc-3.1, 13; XIVb-1, 3.1; XV- 
4.5; XVI-4; also climate, C4 

— 36;21° —» XI-5.2; also climate, C4 

— 37° -> XI-4.2 

— 37;40° -> XI-4.2 

— 38° -> XI-4.4 

— 38° (sic for 24°) -> XIIId-1.1 

— 38;30° -> XV-3.19; XVI-6 

— 39;52° -> XVI-6 

— 41;30° -^XVI-5:36 

— 43;45° ^XIIIa-10 

— 45° for Constantinople —> XVI-5 

— 47;30° -> XVI-5, 5:37 

— 47;46° (Vienna) -> XI-4.4 

— 48° -> XI-4.4 

— 49;30° ^XIIb-F10c-d; XV-3.18-19 

— 52° ->XHb-l:4, 6c, 13 

— 54° XIIa-F7a 

latitude of Baghdad —» XIIa-Al, comm. ch. 9; XHIb- 
3.1; XIIIc-10; XVI-4, 6 

— Beziers —> XIIb-9e:15 

— Constantinople —> XVI-5 

— Cordova -> XV-3.19; XVI-6 

— Fustat / Cairo -> XIIIb-3.14; XIIIc-2; XVI-4, 4:25 

— Gurganj -> XIIIb-3.14 

— Isfahan -> XIIIc-10, 11; XVI-4 

— Harran —» XIIIb-3.14 

— Marw -> XI-4.2 

— Paris -> XV-3.18; XVI-12 

— Pisa^XIIIa-10 

— Reims ^ XV-3.18 

— Saragossa —» XVI-7 

— Shiraz -> XIIIc-10 

— Toledo -> XV-3.19; XVI-6 

— the middle of the 4 th climate —» climate, C4 and 
latitude 36° and 36;21° 

latitudes and longitudes, lists of —» XIIIc-10 
latitudes on instruments with Greek inscriptions —» 
XVI-3 

— confused on medieval European astrolabes —» 
XIIIa-10:86; XV-4.4, XVI-12, F12.1-2 


— in medieval England —» XIIb-9e 

— in N. Italy -> XIIIa-10:86 

— in Russia —» XIIIb-A 

Libros del saber -> X-F5.2.1, 5.4, F5.5.1; XI-F8.3a; 

XIIa-5; XV-3.9, F13a; XVI preamble 
Liege / Cologne correspondance concerning astrolabe 
-> XIIIa-10:102 
ligatures —> Latin 

linear astrolabe —» astrolabe, special, linear 
locks -> XIIIc-Al:4 
locust’s leg —» saq al-jarada 
London, Ahuan Gallery —» XIVg 
London, British Museum —» preface; 

London, Khalili Collection —» XlVf -2 
longitudes and latitudes, lists of —» latitudes and 
longitudes 

Louvain —» Amerotius; Arsenius; Berselius; and tulip¬ 
shaped frames 
Lyon -> XIIa-FB8 

Madrid, Museo Arqueologico Nacional —> preface 
Maghribi craftsmen in India —» XIVb-3.2 
Malikls -> XV-4:271 
Manhaj al-tullab (al-Ashraf) —» XIVa-3 
manuscripts, European astronomical —» XIIb-17:12 
mappings, cartographic —» XIIb-16, 16:1 
Maragha, observatory —» X-2; XI-3.4 
Marrakesh, medieval —» X-F6.4.3, 10; also Abu Bakr 
ibn Yusuf 

Marw —» latitude of Marw 
Mathematical Jewel (Blagrave) —> X-F5.2.5 
Mecca and Medina —» XVI-7; XIIIc-2; etc. 

Mecca —» XV-2.12, 3.21 

— , direction of —» qibla 

Mecca, Mecca-centred world-maps —» world-maps 
Meknes, medieval —» X-10 
Meshed, medieval —» X-10 

— , scientific activity ca. 1800 [this date needs to be 
checked] in -> X-F3.6; XIIa-2, F2a, 5:3 

meteoroscope —» XI-8.3 

mihrab as decoration on astrolabe rete —» XIIIc-9, 
F9o; XV-3.9 

— on sundials —> X-F7.1.5, F7.2.3 and 5-6 
al-Miqyas li- ‘l-zawal (al-Fazarl) —» XI-6.4 
mirror script —» Arabic script 

“mirror of stars” —> XIIIe-3, 7, etc. 

Misr —» latitude of Fustat / Cairo 
mizan al-Fazari —» X-9.6; XI-6.4; XIIb-14, 14:2 
month-names, French —» XIVb-10 
month-names, Julian —» XV-3.28 
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moon: “circle of the moon” —» XIIb-F16a; XIIIa-7 

— : geared mechanisms for displaying the lunar 
phases —» XIIIa-7 

— : eclipse computers (first described by Nastulus) —» 

XIIIa-7 

— : grids for determining lunar latitude —» XIIIa-7 

— : lunar distance —> XIIIa-7 

— : lunar parallax —» XIIIa-7 

— : moonrise and moonset, solar-lunar scales for 
calculating —» XIIIa-5 

mosques —> oriention of mosques 
mudejar —> XV-1, 3.26, 4.4 
muezzin —» V passim ; XIIIc-A2 
Mu c in al-tdlib (al-Ashraf) —» XIVa-3 
muwaqqit —> V passim ; X-F9.3.4 
muwaqqits in Damascus —» XIVc-0 
myrtle markings —> astrolabe, special, myrtle 

names, Arabic / Islamic —> XIIIb-1.5; XIIIc-8.1; etc. 
Narbonne —» XV-3.19 

Nastulus / Bastulus controversy —» XHIc-Ob, 3 
naskhi script in medieval al-Andalus —» Arabic 

-on Abbasid astrolabes —» Arabic 

Navarre, relationship with Reims —» XV-3.18 
navicula de Venetiis —> X-9.1; XI-11.4; XIIa-7; Xllb 
passim 

— , lists of instruments and texts —» XIIb-A 

— , calendrical data on —» XIIb-9d 

— , confusion with zawraqi astrolabe —» XIIb-l:7 

— , illustrations of medieval ships —» XIIb-F6a, 6b 

— , origin of, in medieval England —» XIIb-6 

— , theory underlying universal horary dial —» XIIb-8 

— , universal horary quadrant on —> XI-11.4; XIIa-7; 
XIIb-9a-c 

— , use of universal horary dial —» XIIb-7 
navigation, astrolabe not used in —» XIIIa-l:2 

New York, Metropolitan Museum of Art —» XIVa-1, 2 
Nishapur, medieval —» XI-5.2:4; XIIIc-13 
nocturnal / nocturlabe —> X-9.1 
notation used in this volume —» XI-1.4; XIIb-4 
number notation, alphanumerical, Greek / Byzantine 
-> XIIIc-12.2; XIVa-3; XVI-F4 

-,—, Arabic -> XIIIa-5:48; XV-1:32; etc. 

-,—,—, symbol for zero —> XIVa-2 

-,—, Armenian —» XIVd-4 

-,—, Hebrew -> XV-2.11, 3.20 

-, Andalusl / Maghribi —> chiffres de Fes 

numbers, letters A-Z used for —» XIIb-6c, 6c: 19 
numerals, Hindu-Arabic, medieval European —» 
XIIId-2.2; XV-1:32; XV-3.4 


— ,—,-, “upside down” 2 —> XV-1:29, 2.2, 3.4, 

4.2 

Nuremberg, Germanisches Nationalmuseum, 
astrolabes in —» preface; XIIIa-12 

obliquity of the ecliptic —» XIIIc passim ; etc. 

— affecting latitudes of climates —» XVI-2, Table 1 

— affecting length of longest daylight —» XVI-3, Table 
2 

— 23;32,21° ^ XIIIc-9 

— 23;33° XIVb-7; XVI-8, 10 

— 23;33° and 23;35° -> XVI-2 

— 23;35° indicative of early Islamic astronomy —> 

XIIb-11 

observations in Qus and Alexandria —» XIVa-B 
observatory, reconstruction of an ancient —> XHa 
preamble 

— , Istanbul —» X-Fl.l 

— , Maragha X-2; XI-3.4 

— , Samarqand —» X-2, F2.1 
observatory —> also Isfahan, Jaipur 
“ogival” markings —> astrolabe, special, ogival 

markings 

organum Ptolemei —> XIIb-15 passim , A 
orientation of mosques —» Vila, Vllb 
orientations in Cairo —> Vllb 
Orion as al-jabbar —> XIIIb-3.9 
Ottoman science —> XIVe preamble, 0 
owner’s mark —» XIIb-13, F13 
Oxford, medieval —> XI-4.4, 4.4:12 

— , Museum of the History of Science, astrolabes in 
—» preface; XIIIa-12 

Palermo water-clock —> X-5.4 
palindrome —> XIVb-3.1 
Pamplona, medieval —> XV-3.19 
Paris, medieval —> XI-4.4; XIVc-2; also latitude of 
Paris 

— , Institut du Monde Arabe, instruments in —» 
preface; XIVb preamble 

pendulum, myth of association with Ibn Yunus —> X- 
9.7; XIIb-l:7 

— , plumbline mistaken for —> X-9.7, F9.7a 
Persian poetry —» XIVe-1 

— , use of (in Ottoman court) —> XlVe-1 
pilgrim, astrolabe for —» XV-3.17 

Pisa, medieval XIIb-14, 14:17 and 18; XIIIa-10 
plane table -> XIIIa-l:2, 1:15 
planetarium —> XIIId-2.8 
planetary hours —> XIIa-13 
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planets, astrological symbols for —» XIIIc-8.2, 9, 10; 
XIVa-2; XIVc-1 

plumbline, mistaken for pendulum —» pendulum 
poetry, Persian —» Persian 

prayers, markings for —» X-4.5, F4.5.1, X-7.2, F7.2.1, 
etc.; XIIIa-5; XIVb-10; XV-3.22; XVI-7 
prayers, daytime, origin of times of —» IV; X-7.2, 
F7.2.6 

— , early definations of times of —» Xlla—Al, comm, 
ch. 4 

prayer —» also c asr ; duha and c ld 
projection, globular —» XIIb-16 

— , horizontal orthogonal —> X-5.7 

— , de Rojas -> XIIb-15, 15:12 

— , stereographic —» XIIIa-1 

qibla —» VII passim 

— , markings for -> XIIIa-5, 6; XIIIc-11 

— , markings for the altitude of the sun in the azimuth 
of the —» X-F4.5.3 

— directions, confused —» XIVb-9 

— indicators —» X-9.4 

— , compass for determining —» V-F12.2; X-9.2 

— , determination of, using trigonometric quadrant —» 

X- F6.1.4 

— of Cairo -> Vllb; X-F7.2.5 

— Damascus —» XIVb-10 

— Herat -> XIVd-1 

— Isfahan -> X-F7.1.5 

— Samarqand —» XIVd-1, F 
qibla —> also world-maps 

quadrant, list of Arabic treatises on different kinds of 
—» V-F9.1 

— , astrolabic —> X-6.4 passim ; XIIa-ll:l; XIIIa-8; 
XIVb-6.1, 7*, 10 

-, earliest text on —» X-6.4, F6.4.4a-c; XIIa-ll:l 

— , horary, for a specific latitude —» X-F4.7.3, 6.3; 

XI- 4.1, 11.2; XIIIa-5, 8, XIIIc-8.1, 9, 13, A2 

—,—, universal —» X-6.2; XI-9 passim ; Xlla passim ; 

XIIIa-5 

-, three kinds of -> Xlla -2, F2b, 4; XIIIa-8; 

XIIIc-10; XIIId-2.6 

-, combination with shadow square —» XHa- 

A, comm, to ch. 1, B; XIIb-9c 

-, cursor -> XI-9.6, 9.12, A4; XIIa-2, 4, Al, 

comm. ch. 1 

-, cursor is optional —> XI-9.6; XIIa-4 

-, European modifications to —> XI-11.4 

-, latitude-dependent solar scale on —» Xlla- 

14 


-, on European instruments —» Xlla-12-13 

-, on navicula —> XI-11.4 

-, misunderstood —» XI-9.1; etc. 

—, c Alai -> VIb-8 

— , shakkazi. single and double —> VIb-12, F12.1; X- 
6.5, F6.5.1 

— , tdmm —» VIb-8, F8.1 

— , trigonometric —» X-6.1 passim ; XI-8.5; XIIIa-5, 
8; XV-4:271 

-, early form —» XI-8.1 

-, qibla determination using —> X-F6.1.4 

— , universal —> X-6.5 

— , zarqalli —> XI-8.3; XIIa-F5a 

— with markings for the solar altitude and the solar 
azimuth for a specific latitude —» X-F1.8 

— in medieval Europe —» XI-10, 11.4; Xlla-12-14; 
XIIIa-11 

quadrans vetustissimus —> XI-9.2, 9.6, F9.2b, 10.2; 

XIIa-7 

— vetus —> X-6.2, F6.2.1; XI-9 passim , 10 passim ; 
Xlla passim ; XIIIa-11 

-in Europe —> XIIa-7 

— novus —» X-6.6; XI-9.1, 10.3; XIIa-8; XIIIa-11 
quatrefoil on astrolable retes —> XIIIb-3.6; XIIIc-9, 

10; XV-3.10; XVII passim 

— cartouches —» XV-3.25-26 

— , half ^XV-2.6, 3.9 
Quran XlVg; XV-3.26 
Qusayr c Amra —> X-3 

Ramadan —» XIVb-10 
Rasulids —> XlVa passim 
ratio, golden —> XVII-6 
rays, casting the —> astrology 
Rayy —> XIIIc-9, 11 

Regensburg, “Lehrgerat” (#8500) VIII-3, F3.3; 
XIIb-15:2, B 

— , 15 th -C sundial X-F7.2.10 

Reims —> XV-3.18, 4.2; also latitude of Reims 
religious inscriptions on instruments (#3622) —» XVI- 
1 (quote); 10, FI0.3 
rete design —» astrolabe, rete design 
ring-dial, Byzantine —> XVI-3 
al-Risala al-Fathiyya (A) —> XIVe-0:6 
Risala dar c ilm-i hay*a (P) —> XIVe-0:6 
de Rojas projection —» Xllb-15, 15:12 
“Roma et Francia” -> XIIIa-9, F9.1d; XVI-5 
Roman tradition of astrolabes —> astrolabe, Roman / 
Graeco-Roman 

Rome / Constantinople —» XVI-5 
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Rome, Muslim fascination for —» XVI-5:38 

Salihan, mahilla of Isfahan —» XIIIc-11 
Samarqand -> X-2, F2.1; XIVd-0, 1, FI.4b, 2; also 
latitude of Samarqand 

sanduq al-yawaqlt —» Via-17; VIb-8; X-9.3, F9.3.1a-d, 
F9.3.2, F9.3.3a-b 
saphea —» X-5.2; XI-8.2 

saq al-jarada (vertical sundial) —> XI-6.2, 7.4; Xlla- 
C; XIIb-14; XIVb-1 

Saragossa, medieval —> XV-1, 3.19, 4.2; also latitude 
of Saragossa 
scale —»transversal scale 

schools, regional, of instrument makers —> X-10 
passim 

screw —» XV-3.31, 3:256 
secant function —» XIIb-8 
Seljuk astronomy —» XIVe-0 
Seville, medieval —» X-10 

sexagenarium -> VIb-18; XI-8:5; X-8; XIIb-14, 14:10 
shadow schemes for simple time-reckoning —» III 
passim 

— base —» XIIa-B 

-6;30 -> XIIa-B; XIIIa-6 

-Sin 20° -> XIIb-12 

— scales -> XIIa-B; XIIIa-5 

— square, combination with universal horary quadrant 
-> XIIa-A, ch. 1, XIIb-9c; XIIIc-8.1; etc. 

-, incorrectly constructed —» XIIa-B, FB5a-b; 

XV-3:181 

Shahinshahname —» XIVc-0 
shamila —» hemispherical instrument 
Shfites -> X-F4.5.5 
ships, Islamic —» XIIb-14:19 
ships —» also navicula 
Shiraz, medieval —> latitude of Shiraz 
Sibton Abbey —» Greenwich navicula and also #8536 
Sicily, medieval -> X-4.3; XIIb-14; XIIId-1.1 
signs, zodiacal: al-samaka for Pisces —> XIIIb-2.4, 
3.16; XIIIc-1.1-3, 2, 3.1, 6, 8.2 
silver —» XV-2.16, 3.25, 3.26 

solar scales —» XV-1:37; also calendrical / solar scales 
solar-lunar scales for calculating moonrise and 
moonset (described in treatise associated with al- 
Khwarizml) —» XIIIa-5 

Sotheby’s, London —» X-Fll.l, FI 1.3; XlVe preamble, 
0, 2; addenda to vol. 1, Vile; etc. 

Spain, medieval —» XV passim 

sphere, armillary —» XIIa-2:l 

spherical astrolabe —» astrolabe, special, spherical 


star catalogues —> XIIIa-5; XIVa-3 
star-names omitted on medieval European astrolabes 
—» XV-4.4 

— , unusual -> XIIIa-10; XV-3.13 
stars: Greek astrolabe stars —» XIIIb-3.5 

— : 17 astrolabe stars -> XIIIa-4, 5; XIIIc-1.1-3, 2, 
3.1, etc.; XIVe-2 

— : 44 astrolabe stars —» XIIIa-5 

— : astrolabe stars, general —> XIIIb-2.4, 3.5, 3.8; 
XIIIc passim; XIIId-2.4; XIVa-2, A; XIVb-2, 3.1, 
4, 5.1, 5.2, 6.1, 7; XIVc-1; XIVd-1, 2; XIVe-1, 2; 
XV-2.8, 3.13-15 

stars, astrolabe, names and positions —» XV-l:34-35 

— , false positions for epoch of instrument —» XHIb- 
3.7, 3.9; XIVb-2 

— positions, incorrectly represented —» X-F4.3.1 
stars —> also timekeeping by the stars 
Steinmetzzeichen —> XIIb-13:3 

sun —> solar 

sundial, history of —» XI-6.0:1 

— , Graeco-Roman, in Arabia and Syria —» IV-7.1 

— , Islamic —> X-7 passim; XI-6-7; XIVb-1, 8.1-2 

— , Andalusl -> X-F7.2.1-3 

— , conical —> XI-4.1, F4.1c-d 

— , conical, universal —> XI-3.5, 6.1, 6.3 

— , cylindrical -> X-F7.2.7; XI-4.4 

— , equatorial —> XI-6.0 

— , halazun and hafir —> XI-6.4, 6:17 

— , horizontal X-7.1, 7.2; XIVb-8.1-2 

— ,—, universal —> XI-7.1-3 

— , polar ^ X-7.1; XI-6.0 

— , tables for construction of —» Via-10; VIb-2, 13; 
X-7.1, etc. 

— , universal -> XI-3.5, 3.6; XIIIc-11; XI-6.0 et 
passim; also alidade, universal sundial 

— , vertical —» X-7.1, etc.; XIVb-1 

— ,—, universal —> XI-3.5, 6.2; 7.4-5 

— of c Umar ibn c Abd al- c AzIz, Umayyad caliph —» IV- 
7.1; X-7.0 

— in Gresik based on priciples of folk astronomy —» 
III-F10.3 

— for regulating water (Muscat and Oman) —» III- 
F10.4 

— from Canterbury Cathedral —» VIII-3 

— , monastic, at Acquafredda —> VIII-3, F3.2 
sundials in Muslim India —» XIVf-6 

— in Regensburg —> X-F7.2.10 
Sweden -> XI-10.2 

symbol # XIIb-l:4; XIIIa-3, 3:29 
symbols for planets —> planets 
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Syria, Northern (latitude 36;21°) —» XI-5.2 
Syria, timekeeping in —» XIVb-0 

al-Tabsira fi Him al-nujum (al-Ashraf) —> XIVa-3 
tables for timekeeping —> I-III passim ; XI-1.1; XlVa- 
3; XIVb-0 

-, European -> I-10; XI-3.11, 4.4 

-, miscellaneous Yemeni —> XIVa-B 

-for all latitudes based on approximate formula —» 

XI-1.2, 3 

-based on approximate formula for specific 

latitudes —» XI-4 

-based on approximate formula, European —> XI- 

4.4 

— for astrolabe construction —» astrolabe, general, 
construction 

— for sundial construction —» sundial, tables for 
construction of 

— of auxiliary functions —» XIIb-5b 

— for twilight based on the approximate formula —» 
XI-5 passim 

— for twilight, universal —» XI-5.4 
tangent of solar declination —» XIIb-5b:17 
Tartu, Estonia, Islamic globe —» X-F3.4 
teacher’s note of approval —> ijaza 

template for astrolabe construction —» X-F4.2.2 
textiles -> XV-4:249, 4:272, FI6 
theodolite, origin of the word —> XHIa-1:15 
1001 Nights , astrolabe in -> XIIIb-3.11; XIVd-2:16; 
XV-3:214 

throne —» astrolabe throne 
timekeeping in Syria —» XIVb-0 

— , approximate formula for —» approximate formula 

— , tables for —» tables for timekeeping 

— by the stars —> IX passim ; XIIb-12 
Timurids —> XlVd passim 

Timurid geographical table —» geographical table, 
Timurid 

Tironian notes —> XV-3.2 
Tlemcen —» X-F7.2.7 
Toledan Tables —> XI-1.3.7, 3.11, 9.3 
Toledo, medieval -> X-10; XIIa-5; XV-3.19, 3.28, 4.2 
et passim ; also latitude of Toledo 
transmission to Europe —» X-F4.1.3-4, 4.3. F4.3.3; 
XIIb-14; XIIIc-9; XHId passim; XIVc-2, 7; XVII 
passim 

-via Sicily -> XIIb-14; XIIId-1.1 

transversal scale (described by al-SijzI, and later by 
Fevi ben Gerson) -> X-F1.7; XIIb-17, 17:5; XHIa- 
5 


trigonometry —» quadrant, trigonometric; shadow 
scales 

Tripoli (al-Sha 3 m), medieval —» XIVb-0 
tulip-shaped frames —> XIIIa-10, F10.9a-c 
Tunis, medieval -> X-F6.4.2, F7.2.6; XI-5.3; Xlla- 
Flla; XIVb-6.2 

twilight, markings for, on an astrolabe —» XIIIa-5; 
XV-3.22; etc. 

-, on a sundial —» XIVb-8.1-2 

— , tables of the duration of twilight —> XI-5 passim 

Uhrtafelchen —> Regiomontanus in Xllb 
universality —> Vla-b passim ; X-5.2, 6.2, 6.4, 9.1, 9.5; 
XI passim; Xlla-b passim; XIIIb-3.11, 3.14; XVI- 
2-4, 7-8, 12 

universal astrolabe —» astrolabe, universal 

— horary quadrant —» quadrant, horary, universal 

— plate of Ibn Baso —> astrolabe, universal and Ibn 
Baso 

— projection —> shakkaziyya 

— solutions —» Vla-b passim ; also universality 

— sundial on alidade —» astrolabe alidade 

— and latitude-specific solutions —> XIIb-3a 
Urbino: astrolabe in intarsia —» X-4.3; XIIIa-10, 

FI0.4c; XIIId-2.2 

“Valdagno astrolabe” XVIII #148 / 1.6.9 
Valencia, medieval —» X-8 
Vega as bird XIIIa-4; XIIIb-3.6; XVII-0:7 
Veneti (tribe) -> XIIb-6d 
ventilators of medieval Cairo —> Vllb passim 
Vienna (14 th and 15 th centuries) X-F6.3.3; Xllb- 
FlOc-d 

Washington, D.C., National Museum of American 
History, astrolabes in —» preface; XIIIa-12 

— , National Science Foundation —» XIHe preamble 
water-clock ( t/tarjahar ) —> XIIb-14; XIVa-3, 4 

— in Palermo —> X-5.4 

websites on instruments —> Websites in the main 
bibliography 

wilder Mann —> XIIb-F15d 
Wilgefortis, Saint —> XVII preamble 
Winchester —» XIIb-F6b 

world-map, Mecca-centred —> Via-18; Vile passim ; 
X-9.5 passim; XIIb-17; XIIIa-5 

— grid -> XIVf-4 

Yemen —> XI-3.7, 3.8; XlVa passim 
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Zankalun, near Zagazig —> XIIIc-8.1 
zawraqi —> astrolabe, special, zawraql 
zlj —» XI-1.3.3:10, etc. 
zijes, Syrian, miscellaneous —> XIVb-0 

— , Yemeni, miscellaneous —» XI-3.7; XIVa-B 
Zlj , Ashrafl —> XI-3.2 

— of al-Baghdadl -> XI-3.2, 5.1 

— of al-Daylaml —» XI-3.8 

— , Haruni —» XI-2.1; A1 

— of Ibn Ishaq -> XI-5.3, 5.4 


— of Ibn al-Shatir XI-3.9 

— of Muhyi 4-Din al-Maghribl -> XI-3.4 

Zlj al-safaih of Abu Ja c far al-Khazin —> X-5.3, F5.3.1- 
2, 6.1, F6.1.1, 8; XI-8:5 
zlj , star-catalogue —» XIIIa-5 
zlj —> also Alfonsine Tables , Dustr al-munajjimin, 
Toledan Tables 

zodiacal signs, Latin or vernacular, unusual —» XHIa- 
F1.4; XV-2.6; XVIII preamble (publications of Kurt 
Maier) 


INDEX OF PROPER NAMES 


Notes: References to makers of signed instruments from XVIII are included here in the form 
#n / p.q.r, where n is the International Instrument Checklist number and p.q.r is the section number 
in XVIII. This means that numerous Safavid, Moghul and late Maghribi makers are omitted, or if 
they are included, there are no references to their instruments. 


Ab —> XIIIe-31 

‘Abbas II, Safavid Shah XIVd-2, F2.1b 

al-‘Abbas ibn ‘All, Rasulid sultan —> al-Afdal 

‘Abd al-A’imma II-F3.16; X-F4.5.5, 10 

‘Abd al-‘AlI X-F4.3.4, 10 

‘Abdallah Silahdar -4 X-F7.2.9; XVIII #7353 / 4.5.3 

‘Abdallah ibn Yusuf ^ X-F5.2.2; XIIb-16:2, F16a, B; 

XVIII #4028/ 1.5.11a; #102/ 1.5.11b 
‘Abdal-'Aztz ibn MasudXV-4:271 
‘Abd al-‘AzIz al-WafaT al-WafaT 

‘Abd al-Karlm al-Misrl X-F1.4, 4.3, F4.6.1, 10; 

XIVb-0; XIVc-2; XV-3.25; XVII-1; XVIII #103 / 
1.5.4a; #104/ 1.5.4b 

‘Abd al-MasIh (Winchester, 12 th century) —» XIIb-9e, 
14:17 

‘Abd al-Muhsin ibn Salih Efendl al-Muradl XVIII 
#5015 /3.2.7c 

‘Abd al-Qadir Muhibb XIIIa-6 
‘Abd al-Rahlm ibn Muhammad (Najaf) —» XIVb-9, 
Table 1 

‘Abd al-Rahman ibn Abl Bakr —» al-TabrlzI 
‘Abd al-Rahman ibn Burhan al-Mawsill —» al-Mawsill, 
‘Abd al-Rahman ibn Burhan 
‘Abd al-Rahman ibn Sinan al-Ba'labakkl —» al- 
BaTabakkl 

‘Abd al-Rahman al-FasI —» XIIIe-30, also 31 
‘Abd al Samad al-Buql —> al-Buql 
al-‘AbdarI (traveller) —» XV-4.5 
‘Abdl -4 X-F6.3.1; XI-11.2:3; XVIII #1222 / 2.3.9 
al-Abharl, Amin al-Dln —» VIb-4 
Abiyun al-Batriq (Abywn / Apion) —» XIIIc-Oc; 
XIIIe-4, 7, 8 

Abu 'All al-FarisI XIIIe-16 
Abu ‘All al-Marrakushl —^ al-Marrakushl 
Abu Bakr ibn al-Mushrif —> Ibn al-Mushrif 
Abu Bakr ibn Yusuf ^ X-4.3, F4.3.3, F4.7.2, 10; XVI- 
7; XVIII #4039 / 1.6.1a; #124 / 1.6.1b; #2709 / 


1.6.1c; #1090 / 1.6.Id; #125 / 1.6.1e; #1069 / 1.6.If; 
#1057 / 1.6.1g; also #1061 / 1.6.13 
Abu T-Fadl Muhammad al-Falakl XVIII #5014 / 
3.2.7b 

Abu T-Faraj ‘Isa XIIb-14:3; XIVb-1; XVIII #7315 
/ 4.3.1 

Abu T-Fath ‘All al-Muwaqqit VIb-F14.1; X-F9.3.4; 

XVIII #8010 / 5.5.3a; #8007 / 5.5.3b 
Abu Ja'far al-Khazin -4 X-5.3, F5.3.1-2, 6.1, F6.1.1-2, 
8; XIIIa-7; also XVIII #3633 / 1.4.1 
Abu Nasr Ahmad ibn Zarlr (?) —^ XIIIe-11 
Abu Nasr ibn ‘Iraq -4 XIIb-5b 
Abu T-Qasim ibn Hasan al-Shaddad —^ IV-F5.2; X- 
F7.2.6; XVIII #7341 / 4.4.1 
Abu ‘1-Qasim al-Munajjim (Abbasid astronomer) —> 
XIIa-2:l 

Abu ‘1-Salt X-4.7, 8, F8.1; XIIIa-9:78; XHIe 
addenda 

Abu Tahir (Taqi T-Dln) V-F9.2-3; X-F1.6, F6.1.3; 
XI-8.2, 8:14, F8.2e; XVIII #5009 / 3.2.4a; #5010 / 
3.2.4b 

Abu T-Uqul XIVa-B 
al-Adaml —^ Ibn al-Adaml 

al-Afdal, al-‘Abbas ibn ‘All, Rasulid sultan —» XIVa-B 
Ahmad and Muhammad, sons of Ibrahim al-Isfahanl 
-4 XI-9.3, 9:15; XIIIc-9, 10; XVIII #3 / 1.2.11 
Ahmad ibn ‘Abd al-Rahman al-Dahmanl —» al- 
Dahmanl 

Ahmad ibn ‘All ibn ‘Isa —» XIIIc-Oc 
Ahmad ibn ‘All al-Sharafi —> al-Sharafi 
Ahmad Ayyubl —» Ayyubl, Ahmad 
Ahmad Basha Mukhtar —» X-ll; XIIIe-33 
Ahmad al-Harlrl —> al-Harlrl, Ahmad 
Ahmad ibn Hasan al-Husaynl —> al-Husaynl, Ahmad 
ibn Hasan 

Ahmad ibn Husayn ibn Baso —^ Ibn Baso 
Ahmad ibn Ibrahim al-Isfahanl —> Ahmad and 
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Muhammad, sons of Ibrahim al-Isfahani 
Ahmad ibn Ishaq al-Harrani —» al-Harrani 
Ahmad ibn Kamal -> XIIIb-1.2, 1.3, 1.5, 3.16, 5; 
XVIII #3702/ 1.2.1 

Ahmad ibn Khalaf -> XIIIc-Oc, 2; XVIII #99 / 1.2.4 
Ahmad ibn Mu'adh -> XVI-2, F2 
Ahmad ibn Muhammad ibn Harun al-Hadabi —» al- 
Hadabi 

Ahmad ibn Muhammad al-Lamti —» al-Lamti 
Ahmad ibn Muhammad al-Naqqash —» XVIII #1099 / 
1.3.9 

Ahmad al-Munajjim al-Sinjari —» XIIIc-1.1 
Ahmad al-Qarlml —» al-Qarlml, Ahmad 
Ahmad ibn al-Saffar —» Ibn al-Saffar, Ahmad 
Ahmad ibn c Umar al-Kabbl —» al-Kabbl 
al-Ahmar al-Nujumi al-Rumi -> XIVe-2; XVIII #4183 
/ 1.4.15* 

c Alam al-Dln Qaysar ibn Abl ‘l-Qasim ibn Musafir al- 
Ashrafl al-Hanafi -> X-F3.2a-b; XIVa-3, 3:35, 
F3.7a-b; XVIII #6003 / 5.1C.3 
Alexander —» Iskandar 
Alfonso el Sabio -> XIIIc-6; XV-1 
'Ala 3 al-Dln -> XVIII #8094 / 5.8.2 
Albergati, Niccolo —> XIIId-2.9 
c All -> XVIII #5153 / 3.4.5c 
c All Beg -> XVIII #4125 / 2.2.1 
'All, Abu ‘1-Fath al-Muwaqqit —> Abu 6 1-Fath c All 
c All ibn Ahmad al-muhandis —» XIIIc-Oc 
c All ibn Amajur —» XI-3.2 
c All and Muhammad al-Azdi —» al-Azdi, 'All and 
Muhammad 

'All ibn Ibrahim al-Jazzar -> X-5.1; XIIId-1.3, F6; 

XIVf-4:l 1; XVIII #4041 / 1.6.9a; #3579 / 1.6.9b 
c All ibn Ibrahim ibn Muhammad —» XIVb-4; also Ibn 
al-Shatir 

c All ibn Ibrahim al-Ansarl known as Ibn al-Shatir —> 
Ibn al-Shatir 

c All ibn c Isa —> XIIIc-Oc, Oe, 1 
c All ibn c Iwad al-Mahmudl —> al-Mahmudl, c All ibn 
c Iwad 

'All ibn Khalaf —» X-5.3, 10; XI-8.2; XIIId-1.4 
c All ibn Muhammad, Abu ‘l-Hasan —> Ibn al- 
Hammami —> XIIa-11:1 

c All ibn Muhammad ibn 'Abdallah ibn Faraj —> XVIII 
#2571 / 1.6.20a (=?) #1178 / 1.6.20b 
'All Qushjl —> Qushjl 

'All ibn Ridwan —> XIIIe-4*, also the concluding 
remarks 

'All ibn Sa'ld al-UqlldisI —> al-UqlldisI 
'All ibn al-Shihab XVIII #5008 / 3.2.3 


'All ibn Surad al-Harranl —> al-Harranl 
'All ibn Taybugha —> Ibn Taybugha, 'All 
'All al-Wada'l al-Wada'l, 'All 
'All ibn Ya'qub al-Rassas —> al-Rassas 
'All al-Za'tarl —> al-Za'tarl, 'All 
Allah-dad (Ilad-dad) X-10; XIVf-3, 4; XVIII 
#1120/2.6.1a; #1089/2.6.1b 
Allen, T. (1622) -> XIIb-6:10 
Amerotius, Hadrianus —> XIIIa-10 
Anonymous (Maghribi or AndalusI treatise on the 
astrolabe) —> XIIIe-13 

Anonymous ( al-Miqyas al-murajjah) —> XIIIe-8 
Anonymous (spherical astrolabe treatise) —> XIIIe-21 
Anonymous (Tuhfat al-tullab) —» XIIIe-19, also 18 
Antonio da Sangallo —> XIIIc-1.3 
Apian, Peter -> X-F5.7.2; XI-8.2, F8.2d; XIIa-F12b, 
13, F13a-b; XIIb-10:10, FlOf-g, 15, 15:10 
Apion —> Abiyun 
al-Aqfahsl -> VIb-16, FI6.1 
'Arab Zade Arif ^ XVIII #5151 / 3.4.5a 
Aristotle —> XIIIe-34 

Arsenius —» X-F5.2.3; XIIb-A ( navicula ); XVIII 
#4054/ 1.6.2h 

al-Ashraf, Ayyubid sultan —> X-5.4 
al-Ashraf, 'Umar ibn Yusuf, Rasulid sultan —» X-4.6, 
F7.1.3, 9.2; XlVa passim; XVIII #109 / 1.5.12a 
Awhad al-Awhadi -> XVIII #112 / 1.4.19a; #4156 / 
1.4.19b 

Ayyubl, Ahmad XVIII #3533 / 2.3.6 
Ayyubl, Mustafa XVIII #1218 / 2.3.7a; #1059 / 
2.3.7c; #3541 / 2.3.7d; #4155 / 2.3.7b 
al-Azdi, 'All and Muhammad -> XVIII #148 / 1.6.19 

al-Ba'labakki, 'Abd al-Rahman ibn Sinan —» X-10; 

XIVb-0; XVIII #4050 / 1.5.2 
Bacon, Roger —> Roger Bacon 

Badr ibn 'Abdallah, mawla of Hibatallah —» X-F4.1.1, 
F4.7.3; XIIIc-9, 10; XVII-1; XVIII #2557 / 1.4.2; 
#6059 / 5.1C.1 

al-Baghdadi, Hibatallah —> Hibatallah al-Baghdadi 
al-Baghdadi, Jamal al-Dln —> XI-3.2, 5.1 
al-Baghdadi, Mahmud ibn Shawka -> XVIII #4101 / 
1.4.10a; #1040 / 1.4.10b; #3534 / 1.4.10c; also 
#4101 /2.3.5b; #3533 /2.3.6 
al-Bakhaniqi, Ahmad ibn Muhammad —» VIb-7 
al-Baladi, Muhammad ibn Shaddad —> XIIa-B, FB2; 
XIIIc-Oc; XIIIb-1.2; XIIIc-4; XVIII #1179 / 
#1.2.5 

al-Balawi, Ibrahim ibn Muhammad -> XVIII #3539 / 
2.3.5a; #4101 / 2.3.5b; #4108 / 2.3.5c 
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al-Bannanl —» Muhammad al-Bannanl 
Banu T-Munajjim family —» XIIIc-1.1, 1:61 
Bate, Henry, of Malines —» XIIIa-10:103 
al-Battanl —» XVI-6 

al-Battutl, Muhammad ibn Ahmad —> X-10 
al-Battutl, al-Hasan ibn Ahmad —> #2707 / 2.4.1a; 

#2568/2.4.1b; #3804/2.4.1c 
Bayezit II, Ottoman sultan —» XIVe-0 et passim ; 

XVIII #12 / 1.4.15; #4183 / 1.4.15* (owner) 

Bedos de Celle -> XIIb-6c:21 

Berselius, Paschasius —» XIIIa-10; also #202 

Bessarion —» Regiomontanus (#640) 

Bion, Nicolas —» XIIb-11 
al-Birjandl, c All —» XIIIe-24, also 10, 28, 29 
al-Blrunl -> X-5.4, F5.4.2, F7.1.5, 9.5; XI-1.3.1, 2.1, 
Al; Xlla-C; XIIb-5a, 16; XIIIa-7; XIIIb-3.14; 
XHIc-Od, Oe, 3, 9; XIIId-1.3; XIVb-1; XV-3.23; 

XVI- 4; XIIIe-7, also 4, 5, 6, 10, 24, 27 
Blagrave -> X-F5.2.4, F5.2.5; XIIId-1.4; XIVb-5.1 
Brahe —» Tycho Brahe 

Braun, Paul (Augsburg ca. 1600) —» XIIb-11, 11:6 
Brechte, Roger -> XIIa-8, 8:8; XIIb-13, 17 
al-Buql, al-Husayn, changed to c Abd al-Samad —» 
XIIIc-Oc 

Busnawl —» 'Uthman Busnawl 

Chardin, Jean -> X-4.2, F4.2.3; XIIIe-32 
Chaucer, Geoffrey -> XIIa-13; XIIb-5b:21, 9d; XHIe- 
1 

Cook, Captain James —» XIIb-17:ll 

al-Dahmanl, Ahmad ibn c Abd al-Rahman —» X-F6.4.2; 

XVIII #5021 / 3.3.1 
al-Damlrl —» XIIIe-22 

Da'ud ibn Sulayman (Abbasid astronomer) —> Xlla- 
2:1 

al-Daylaml, Muhammad —» XI-3.8 
de Rojas —» Rojas 

Descolieres, Adrian -> XIIb-10:ll; XVIII #4104 / 
2.3.4 

Diocles —» XIIa-F2a (caption) 

Dorn, Hans XIIb-10, 10:4, FlOc-d, 15, FI5b; 

XVII- 5 

Dudl (?) XVIII #5154 / 3.4.5d 
Dudley, Sir Robert -> X-F5.2.5 
Enderby, John (14 th -cenury Louth) —> XIIb-6:ll 
Enrique de Villena (pseudo) —> XI-4.4, F9.1c, F9.2a, 
9.3 

Enoch —» Idris 


al-Farghanl X-4.2, F4.2.1a-b; XIIa-B; XIIIa-5; 

XHIc-Oe; XIVa-3 
al-FarisI —> Abu c All al-FarisI 
Farras ibn al-Hasan al-Harranl —» al-Harranl 
Farnql —> Ibrahim Faruql 
al-Fasl —> c Abd al-Rahman al-Fasl 
al-Fazarl X-9.6; XI-6.4; XIIb-14; XIIIb-1.2, 3.14; 

XIIIc-Oc; XIIIe-4, 27; also mlzan al-Fazarl 
Fernandez, Valentin —» XIIa-13 
Fibonacci —> XV-3.5 

Fine, Orence XIIb-3:14, 10:9, 11, FI lb 
Flruz Shah Tughluq —» X-10 
al-Flmzabadl —> XIIIe-23, also 10 
Foster, Samuel —> XIIb-A (navicula) 

Frederick II, Emperor —» X-5.4 
Frederico da Montefaltro —> X-4.3 
Fusoris, Jean XI-4.4; XIIa-9, 12:1, C; XIVc-2; 
XVIII #460 / 2.2.4 (reworked); also astrolabe, 
medieval French: upper equinoctial bar 

Galen -> XHIc-Od 

Ganjawl —» Hakim Nizami Ganjawl 

Gargantua —> XI-1 (quote) 

Gharib XVIII #3628 (?) / 1.4.12g 
al-Ghazall (theologian) —> XIVe-1 
al-Ghazull —> Ibn al-Ghazull 

Habash al-Hasib X-l, 5, 5.2, 7.1, F7.1.1, 9.1, 9.5, 
10; XI-5.0, A5; Xlla-C; XIIb-1, 1:11, 5a, 5b, 12, 
14, 17; XIIIa-5, 7; XIIIc-8.1; XIVa-3; XVI-8 
al-Habbak, Abu 'Abdallah Muhammad al-Habbaak al- 
Tilimsanl X-F5.4.4a-c; XVIII #4042 / 1.6.12 
al-Hadabl, Ahmad ibn Muhammad ibn Harun —» 
XVIII #1121 / 1.6.10 

al-Hadib, Isaac (Sicily) XI-10.2:5; XIIb-14, 14:9 
al-Hafatl, c Abd al-Hallm XIIIb-1.3, 5 
al-Hafatl, Ahsan al-Dln -> XIIIb-1.3, 5 
Hajjl 'All —> X-F11.3 
Hajjl Khalifa XIIIe-27 
al-Hakim, Fatimid caliph —> X-2 
Hakim Nizami Ganjawl —> X-F1.2 
al-Halabl —> Shams al-Dln ibn Ghars al-Dln al-Halabl 
Hamid ibn 'All al-Wasitl —> al-Wasitl 
Hamid ibn Khidr al-Khujandl —> al-Khujandl 
Hamid ibn Mahmud al-Isfahanl —» al-Isfahanl, Hamid 
ibn Mahmud 

Hamza al-Isfahanl —> XIIIe-6, also 7, 10, 24 
al-Harlrl and commentators —» XIIIe-10, also 2, 5, 6, 
7, 24, 34 

al-Harlrl, Ahmad XVIII #7320 / 4.3.5 
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al-Harranl, Ahmad ibn Ishaq, c All ibn urad, Farras ibn 
al-Hasan, Jabir ibn Qurra, Jabir ibn Sinan, al-Rabl c 
ibn al-Farras, Sinan ibn Jabir —» XIIIc-Oc 
Hartmann, Georg —» prefaced; XIIb-10, FlOe; XVII- 
5 

Hasan ibn c All (#107) -> XIIb-9:7; XIIIc-3.2; XV- 
3:117; XVIII #107 / 1.5.8 

Hasan Husayn -a* Vile passim ; XVIII #8150/5.6.5c 

al-Hasan ibn Muhammad —» Ibn al-Adaml 

Hasan ibn c Umar al-Naqqash —» XIIb-9:7; XIIIc-3.2; 

XV-3.29; XVIII #4036 / 1.5.7 
al-Hassar, Abu Zakariya 3 —» XV-3.5 
Hermannus Contractus —» XI-4.4, 10.2; Xlla-C 
Hermes -> XIIIe-24, 28 

Hibatallah al-Baghdadl al-Asturlabl —» X-F4.1.1, 5.3, 
F5.3.1, F6.1.2, 8, 10; XIIIc-9, 10; XIIIe-11, 12; 
XVIII #3633 / 1.4.1, also #8003 / 5.3.1 
Hipparchus -> XIIIe-0; XIIIe-4, 8 
Hirawl —> Maqsud Hirawl 
Humayun, Moghul emperor —» XIVf-2 
Husayn, Safavid shah -> X-F4.3.4; XIIb-F15g 
al-Husayn ibn c All -> XIVb-6.2; XVIII #1204 / 1.6.7 
Husayn ibn B-k-s (?) al-Rahaql —> al-Rahaql 
al-Husayn al-Buql —> al-Buql 
Husayn Qus c a —> XI-3.9 

al-Husaynl, Ahmad ibn Hasan -> XVIII #4102/1.4.16 
H-x-x (?) ibn al- c -f-w (?) -> #4132 / 2.1.5 

al-Ibarl —» al-Rashidl 

Ibn Abi ‘1-Fath al-Sufl -> VIb-17; X-F9.3.2; XIVb-5.1 
Ibn al-Adaml, al-Hasan ibn Muhammad —» X-7.1, 
F7.1.2; XIIIc-3 

Ibn Amajur —» c All ibn Amajur 
Ibn Baso, father and son, Ahmad and Husayn (often 
confused) -> X-5.2, F5.2.6-7, 10; XIIIa-F1.4, 7; 
XIIId-1.3; XVIII #132 / 1.6.6a; #144 / 1.6.6b; 
#1203 / 1.6.6c; also #1100 / 1.6.6d 
Ibn Battuta —» X-ll, Fll.la-e 
Ibn Ezra —> XIIb-14, 14:18 
Ibn F-r-m-j-h or F-r-m-y-j-h —» XV-4:271 
Ibn al-Ghazuli VIb-10 

Ibn al-Hammaml, Abu 4-Hasan c All ibn Muhammad 
X-F6.4.4.a-c; XIIa-ll:l 

Ibn Ishaq al-Tunisl XI-1.3.3, 2.1, 5.3, 5.4, A7 

Ibn Jama c a XIIIe-15 

Ibn Khalaf al-Muradl —> al-Muradl 

Ibn Khallikan XIIIe-12, also 31 

Ibn al-Majdi XI-1.3.6 

Ibn Mas c ud —> c Abd al- c AzIz ibn Mas c ud 

Ibn al-Mushrif, Abu Bakr -> VIb-15 


Ibn al-Muthanna —> XI-2.1 

Ibn al-Nadim XI-6.4; XIIIc-Oc, Oe, 1, 2, 3; XIIIe-4, 
also 1, 4, 7 

Ibn Najiyya —> XIIIc-Oc 
Ibn al-Qiftl XIIIe-4 

Ibn al-Raqqam, Ibrahim ibn Muhammad —> XVIII 
#136/1.6.8 

Ibn al-Saffar, Ahmad (ca. 1000) -> X-7.2, F7.2.1; 
XVIII #7301 /4.2.1 

Ibn al-Saffar, Muhammad (ca. 1000) —> X-F4.1.3; 
XIIIe-1, 19; XV-3.28; XVIII #3650 / 1.3.3a, also 
1.3.11b; #116/ 1.3.3b; #4025 / 1.3.3c 
Ibn al-Saffar —» also Muhammad ibn al-Saffar (15 th 
century) 

Ibn al-Sahll —> al-Sahll 
Ibn al-Sa 3 ih, Muhammad —> X-F1.8 
Ibn Salm, an apprentice of Nastulus —» XIIIc-Oc 
Ibn al-Samh —> XHIe addenda 
Ibn Samun V-F12.2; X-9.2 
Ibn al-Sarraj, Shihab al-Dln Ahmad ibn Abi Bakr —» 
Vla-Fll.l; VIb-5, F5.1; X-F1.3, F4.7.1, 5.3, 

F5.2.4, F5.2.5, F6.5.1, 10; XI-1.3.6, 8.2; XIIb-11, 
11:2; XIIId-1.4; XIVb-0, 3.1, 4, 5.1-2; XlVg; 
XVII-1; XVIII #140 / 1.5.14a; #4037 / 1.5.14b 
Ibn al-Shatir -> VIb-8; X-5.4, F7.2.8, 9.3, F9.3.1a-d, 
F9.3.2, 10; XI-3.9, 10.2:5; XIIa-8:12; XIVb-0, 4, 
8.1-2; XIVe-2; XV-4:287; XVIII #6 / 1.5.17a*; 
#1131 / 1.5.17b; #142 / 1.5.17c; #7318 / 4.3.4a, also 
#8005 / 5.5.1, 5.6.1; also #7319 / 4.3.4b 
Ibn Suraqa —> XIVa-B 

Ibn Taybugha, c All —» VIb-11; see also Taybugha 
Ibn Yunus -> X-10; XIIb-5a, 5b; XHIc-Od, 1, 2, 8; 
XVI-4:25 

-, myth of association with pendulum —> X-9.7; 

XIIb-l:7 

Ibn Yunus —> also Kamal al-Dln ibn Yunus 
Ibn Zarlr (?) —> Abu Nasr Ahmad ibn Zarlr (?) —> 
XIIIe-11 

Ibn al-Zarqalluh X-5.2; XI-2.1; XI-8.2, 8.3, A6a; 

XIIId-1.4; XIIIe-9, also 1; XV-1 
Ibrahim ibn c Abd al-Karlm XVIII #3714 / 1.3.4a; 
#1079/ 1.3.4b 

Ibrahim al-Dimashql -> XVIII #106 / 1.5.6 
Ibrahim al-Faradl al-Kurdl —> al-Kurdl, Ibrahim al- 
Faradl 

Ibrahim Farnql —» XIIIe-34 
Ibrahim al-Muftl XVIII #1064 / 2.3.8 
Ibrahim ibn Muhammad al-BalawI —> al-BalawI 
Ibrahim ibn Muhammad ibn al-Raqqam —» Ibn al- 
Raqqam 
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Ibrahim ibn al-Sahll —> al-Sahll, Ibrahim 
Ibrahim ibn Sinan —» XIIId-1.3 
al-Ibrl —» al-Rashidl 
Idris (Enoch) -> XIIIe-2, 16, 24, 31, 34 
al- c Ijll al-Asturlabl, an apprentice of [Nastulus] and al- 
c Ijliyya, his daughter —» XIIIc-Oc 
Ilah-dad —> Allah-dad 
'Isa —» Abu T-Faraj 'Isa 

al-Isfahani, Hamid ibn Mahmud —» X-F4.5.2, 10; 

XIIIc-Al; XVIII #4 / 1.4.4 
al-Isfahani, Muhammad ibn Hamid ibn Mahmud —> X- 
F1.5, F4.1.2, F4.4.2, 10; XIIIa-6; XIIIb-3.17; 
XIIIc-Al; XVIII #1177 / 1.4.5a; #1211 / 1.4.5b; 
#4199/ 1.4.5c; #3532/ 1.4.5d 
al-Isfahanl —» also Ahmad and Muhammad, sons of 
Ibrahim al-Isfahani; al-Rashidi, Muhammad ibn 
Abl Bakr; and al-Salihani, Muhammad ibn Abi T- 
Qasim 

Ishaq ibn al-Hasan —» al-Zayyat —» XVI-7, 7:57 
Ishaq al-Zarkani —» XIIIe-29, also 24 
Iskandar (Alexander) -> X-F1.2; XIIIe-34 
Iskandar Sultan ibn c Umar Shaykh —» XIIIa-6 

Jabir ibn Aflah —» X-2 
Jabir ibn Qurra al-Harrani —» al-Harrani 
Jabir ibn Sinan al-Harranl —» al-Harranl 
Jacquinot, Dominique —> XV-3:87 
Ja c far, son of the Abbasid Caliph al-Muktafl bi-llah —» 
XIIIc-Oc, 2 

al-Jaghmlnl, Mahmud ibn Muhammad ibn c Umar —» 
XIIIe-10 

Jalal al-Asturlabl —» al-Kirmani, Jalal 
Jamal al-Dln ibn Muhammad Muqlm al-Lahurl —» 
XIVf-4; XlVg; also #4201 
Jamshld, owner —» XlVg 

al-Jawhari, Muhammad —» #8006 / 5.5.2; see also al- 
Wafah 

al-Jazzar —» c All ibn Ibrahim al-Jazzar 

Jean de Linieres —> XIIId-1.4 

al-Jllanl, Yusuf ibn Hajjl XVIII #1031/ 2.1.2a; 

#1030/2.1.2b (fake) 

Johannes de Sacrobosco —> Sacrobosco 

John Maudith XI-4.4:12 

John of Gmunden -> XI-4.4; XIIb-10, 10:14 

John of London XIIIa-10:90; XV-A sub #3058 

Judah ha-Levi XV-4.4 

al-Kabbl, Ahmad ibn c Umar -> XVIII #1188 / 1.6.18 
Kamal al-Dln ibn Yunus —> XIIIe-12 
al-Kashl, Ghiyath al-Dln Jamshld —> X-8, F8.2 


al-Kawm al-Rlshl, Ahmad —> XIVb-5.1 
Khaflf, apprentice of c All ibn c Isa —> XIIIb-1.2, 1.5; 
XIIIc-Oc, Od, 1; XVIII #1026 / 1.2.3a; #2529 / 
1.2.3b; #4030/ 1.2.3c 
al-Khafajl XIIIe-26, also 17 
Khalaf ibn Muadh XIIIa-9, F9.2a-b; XVI-2, F2.2; 

XVIII #4024/ 1.3.1 
Khalid —> al-Marwarrudhl 

Khalil ibn Ramtash X-F7.2.5; XVIII #7317 / 4.3.3 
al-Khallll, Shams al-Dln VIb-9; XIIb-5b; XIVc-1 

al-Khallll, Sharaf al-Dln XIIIe-20 

al-Khama 3 irl, Muhammad ibn c Abd al- c Azlz —> XHa- 
10:2, 15:2; XIVa-4; XV-3.9; XVIII #4299 / 1.6.2* 
al-Khamahrl, Muhammad ibn Fattuh —> X-4.3, F4.1.5, 
F4.3.2, 10; XIVa-A2:2; XVIII #127 / 1.6.2a; #1081 
/ 1.6.2b; #2701 / 1.6.2c; #128 / 1.6.2d; #1147 / 
1.6.2e; #4053 / 1.6.2f; #129 / 1.6.2g; #4054 / 

1.6.2h; #4052 / 1.6.2i; #4001 / 1.6.2j; #130 / 1.6.2k; 
#1148 / 1.6.21; #150 = #153 / 1.6.2m; #4148 / 

1.6.2n 

al-Khama 3 irI-type astrolabes, unsigned —» XVIII 
#3551 / 1.6.14a; #3901 / 1.6.14b; #4043 / 1.6.14c; 
#4044 / 1.6.15a; #139 / 1.6.15b; #4045 / 1.6.15d; 
#4184 / 1.6.15e (“The Imola Astrolabe”); #3640 / 
1.6.15f (“Dr. Knuthsen’s astrolabe”); etc. 
al-Khashshab, c All Abu Bakr XIVb-5.1 
al-Khaziml, Abu 'Abdallah Muhammad ibn Ahmad —» 
XIIb-17 

al-Khazin —> Abu Ja'far al-Khazin 
al-Khujandl, Hamid ibn Khidr —> X-3, F3.6, 4.3, 4.6, 
10; XIIa-2:l, Al, comm. ch. 9; XIIIa-5; XIIIb-1.2; 
XIIIc-0d, 9; XIVe-2; XVI-4, 8, 10; XVII-1; XVIII 
#111 / 1.2.10 

al-Khwarizml, Abu 'Abdallah XIIb-14; XIIIe-3, 
also 27 

al-Khwarizml, Abu Ja'far —> X-F7.1.1 (sundial tables 
by Habash?); XI-2.1, 3.1, 8.1, 9.3, A2; XIIa-2, Al, 
comm. ch. 4, B; XIIb-5b; XIIIa-5; XIIIb-1.2; 
XHIc-Oe, 3.2; XIVa-3; XV-3:109 (arithmetic); 
XVI-4, 4:29, 6, 7 

al-Kirmanl family —> X-10; also next four entries 
al-Kirmanl, Ja'far ibn 'Umar XVIII #3660 / 

1.4.12a; #1205 / 1.4.12b; #15 / 1.4.12c; #16 / 

1.4.12d; #2605 / 1.4.12e; #1033 (fake) / 1.4.12f; 
#3628 (?) / 1.4.12g; XVIII #6007 / 5.1C.8a; #6008 / 
5.1C.8b; #6061 / 5.1C.8c; #6062 / 5.1C.8d 
al-Kirmanl, Jalal = Muhammad ibn Ja'far ibn 'Umar 
-> X-4.3, F4.4.1, 10; XlVd passim; XV-3.29; 

XVIII #2710 / 1.4.13a; #7 / 1.4.13b (see 1.5.4a for 
the mater); #3595 / 1.4.13c; #4151 / 1.4.13d 
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al-Kirmanl, Mahmud ibn Jalal —» XV-3.29, 3:253, 

F19; XVIII #4307 / 1.4.14a*; #4034 / 1.4.14b; 
#1168/ 1.4.14c 

al-Kirmanl, c Umar ibn Dawlatshah —» X-F5.1.3; 

XVIII #4033 / 1.4.11 

al-Kurdl, Ibrahim al-Faradl -> XVIII #7402 / 4.5.2 
Kushyar ibn Labban —» XIIIe-5, also 10, 11, 24, 25, 

27 

Lab -> XIIIe-2, 3, 8, 10, 15, 16, 19, 23, 24, 28, 34 
al-Lamtl, Ahmad ibn Muhammad —» X-F7.2.7; XVIII 
#7342 / 4.4.2 
Lansberg, P. —» XI-11.2:6 
Leonardo of Pisa —» Fibonacci 
Levi ben Gerson -> XIIb-17, 17:5; XIIIa-5 
Ludolfus de Scicte -> XVII-3 

Magini, Antonio —> XI-8.2 
al-Maghribl —> Muhyi T-Dln al-Maghribl 
Mahmud ibn c All al-abarl -> XVIII #3657 / 1.4.8*, 
also XVIII-F3 

Mahmud ibn c All ibn Yusha' al-...x-r-y (al-Tabari ??) 
-> XVIII #67/1.4.8 

Mahmud ibn Jalal al-Kirmanl —» al-Kirmanl 
Mahmud ibn Shawka al-Baghdadl —> al-Baghdadl, 
Mahmud ibn Shawka 

Mahmud ibn Zankl (Ayyubid ruler) —» XlVb-1 
al-Mahmudl, e All ibn Twad -> XVIII #3705 / 2.3.1a; 
#70/2.3.1b 

al-Ma mun, Abbasid caliph -> XIIIc-Oc; XVI-8; XVI- 

2,6 

Manjak —» Sayf al-Dln Manjak 

al-Maqsl, Shihab al-Dln -> VIb-2; X-7.1, F7.1.4; 

XIVb-0 

Maqsud Hirawl -> X-10; XIVf-2; XVIII #4301 / 
2 . 6 . 1 * 

“Marcel’s Egyptian astrolabe” —» XVIII #1160 / 
1.6.15c 

al-Maridlnl, Jamal al-Dln —» VIb-12; X-F6.5.3, 8 
al-Marrakushl -> VIb-1; X-l, F5.1.1, 5.6, 5.7, F6.1.4, 
11; XI-1.3.4, 1.3.5, 2.0, 2.2, 3.5, 6.0, 6.3, 6.4, 8.1, 
8.3, 9.1, 9.5, 11.2; XIIa-2, C; XIIIc-2; 3.2; XHId- 
1.3; XIVa-3; XIVb-0, 1; XV-4.5 
al-Marwarrudhl, Khalid —> XIIIc-Oc 
Masha'allah XVI-4:25 
Masha 3 allah, Pseudo—> Maslama al-Majrll 
Maslama al-Majffl XIIa-9, C:12; XIIIe-1, 33; XV- 
3.13 

Masud XV-2.4, 4.4, 4.5 
Maudith. John —» John Maudith 


al-Mawsill, c Abd al-Rahman ibn Burhan —> XVIII 
#6060 / 5.1C.7 

al-Mawsill, Muhammad ibn Hilal al-Munajjim —> 
XVIII #6004 / 5.1C.4 
Mayer, Tobias —» XIIIa-l:2 
Mehmet Khan, Ottoman sultan —> X-F7.2.9 
Mercator, Gerard —> XIIIa-F 10.9c 
Messahalla = Pseudo-Masha 3 allah = Maslama al- 
Majrltl -> XIIa-9, C ; XIIIe-1, also conclusion 
Miram Chelebl XIVe-0 

al-MizzI, Muhammad ibn Ahmad ibn c Abd al-Rahlm 
X-F6.4.1a-b, 10; XIIIe-18, also 19; XIVb-0, 
6.1-2, 7, 7*; XVIII #1204 / 1.5.16, also #4164 / 
1.5.16*; #5003 / 3.2.2a; #5004 / 3.2.2b; #5005 / 
3.2.2c; #5006 / 3.2.2d; #5007 / 3.2.2e 
Mordecai Comtino —» XI-6.1, 10.2 
Moshe ben Tibbon —> XV-3.5 
al-Mu c azzam, Ayyubid sultan —> XIVc-0 
Muhammad ibn 'Abdallah —> Nastulus 
Muhammad ibn 'Abdallah (unidentified, 10 th century) 
-> XIIIc-8.2 

Muhammad ibn 'Abd al-'AzIz al-Khama 3 irI —> al- 
Khama'irl, Muhammad ibn 'Abd al-'Aziz 
Muhammad ibn Abl Bakr —» al-Rashidl -A XVII-1 
Muhammad, Abu T-Fadl al-Falakl —> Abu T-Fadl 
Muhammad al-Falakl 

Muhammad ibn Abi T-Qasim al-Isfahanl —> al- 
Salihanl 

Muhammad ibn Ahmad ibn 'All ibn Muhammad (12 th 
century) -> XIIIa-6; XVIII #3922 / 1.4.6 
Muhammad ibn Ahmad al-Khaziml, Abu 'Abdallah —» 
al-Khaziml 

Muhammad Amin -A X-10 

Muhammad ibn Ayyub Tabari —> IV-5.3; XHIe-lOa, 

34 

Muhammad al-Bannanl —> XIIIe-31, also 12, 22, 30 
Muhammad Baqir —> X-F4.3.4 
Muhammad ibn Faraj XVIII #3552 / 1.6.17 
Muhammad ibn Fattuh al-Khama 3 irI —» al-Khama 3 irI, 
Muhammad ibn Fattuh 
Muhammad al-Habbak —> al-Habbak 
Muhammad ibn Hamid ibn Mahmud al-Isfahanl —» al- 
Isfahanl, Muhammad ibn Hamid 
Muhammad ibn Hilal al-Munajjim al-Mawsill —> al- 
Mawsill, Muhammad ibn Hilal al-Munajjim 
Muhammad Husayn (identical with next entry?) —» 
Vile passim; XVIII #8025 / 5.6.5b 
Muhammad Husayn ibn Muhammad Baqir (see 
previous entry) —» XIIIa-l:39; addenda to vol. 1, 
Vile; #4304 / 2.6.”, #8025 / 5.6.5b 


INDEX OF PROPER NAMES 


1041 


Muhammad ibn Ibrahim al-Isfahanl —» Ahmad and 
Muhammad, sons of Ibrahim al-Isfahanl 
Muhammad c Izz al-Sabbagh -> X-F1.7; #8022 / 5.6.3 
Muhammad al-Jawharl —» al-Jawharl, Muhammad 
Muhammad ibn Khalaf, apprentice of c All ibn c Isa —» 
XIIIc-Oc 

Muhammad Khalil -> X-10; XIIIa-6; XVIII #3922 / 
1.4.6; etc. 

Muhammad ibn Khidr al-Asturlabl —> XVIII #4035 / 
1.4.18a 

Muhammad Mahdl -> X-10; XIIIa-F7.1 
Muhammad ibn Mahmud -> XIIIc-13; XVIII #5001 / 
3.1.1 

Muhammad ibn Mahmud al-Tabari al-Asturlabl —» 
XVIII #6006 / 5.1C.6 

Muhammad ibn Mu 3 ayyad al- c Urdl —» al- c Urdl, 
Muhammad ibn Mu 3 ayyad 
Muhammad ibn Muhammad ibn Hudhayl —» XVIII 
#1071 / 1.6.4 

Muhammad ibn Muhammad al-Tanukhl —» al-Tanukhl 
Muhammad Muqlm al-Khadim al-Yazdl -A X-10, 
F10.9d; XIVd-2, F2.1b 

Muhammad ibn Qasim al-Qurtubl —» al-Qurtubl 
Muhammad ibn R- 3 -w-l (?) —> Muhammad ibn Zawal 
(?) 

Muhammad Saffar, Shams al-Dln -> XIIIc-8.2; XVII- 
1; XVIII #1063 / 1.4.17a; #1186 / 1.4.17b; #1136 / 
1.4.17c; #108 / 1.4.17d; #2505 / 1.4.17e 
Muhammad ibn al-Saffar —» Ibn al-Saffar, Muhammad 
Muhammad ibn al-Saffar (15 th century) —> XVI-10 
Muhammad ibn al-Sa 3 ih —» Ibn al-Sa 3 ih 
Muhammad ibn al-Sahll —» al-Sahll, Muhammad 
Muhammad ibn SaTd al-Sabban —» XVI-F7.1, 9; 

XVIII #1139/ 1.3.7a; #2527/ 1.3.7b 
Muhammad al-Sakasl al-Jarkasl —» al-Sakasl 
Muhammad Salih of Tatta —> XI-F11.3d 
Muhammad ibn Shaddad —> al-Baladl 
Muhammad Tahir —» X-10 

Muhammad ibn Yusuf ibn Hatim XV-1:15; XVII-2; 
XVIII #154/ 1.6.3 

Muhammad Zaman Mashhadl —» X-10; XIIIa-F5.1a- 
b, 10:112, FI0.9a; XIVb-9, Table 1 
Muhammad ibn Zawal (R- 3 -w-l?) (Granada, 886 H) —> 
XV-3.25, 3:214a; XVIII #4217 / 1.6.17* 
al-Muhsin ibn Muhammad al-Tablb —> XIIIc-5; XVIII 
#4030/ 1.2.6 

Muhyi T-Dln al-Maghribi —> XI-3.4 
Mukhlis ShirwanI —> ShirwanI, Mukhlis 
Munajjimak —> X-l 1; XIIIe-28, also 24 
al-Muradl, Ibn Khalaf -> X-5.7 


Musa (spherical astrolabe) X-F5.5.1; XVIII #8001 
/ 5.2.1 

Musa ibn Ibrahim —> XIIIe-14 
Musa ibn Shakir, sons of —» X-5.3 
Mustafa Ayyubl —> Ayyubl, Mustafa 
Mustafa Sidql —» prefaced; XIIb-11, 11:1 
al-Mu 3 taman ibn Hud —> XV-1 
al-Mutarrizl —> XIIIe-10 

al-Muzaffar Taqi T-Dln (Ayyubid ruler) —> XIVb-2 

Najm al-Dln al-Misrl VIb-3, F3.1; X-l, F1.8, 5.7, 
F7.2.8; XI preamble, 1.3.5, 2.0, 2.2, 3.0, 3.6, 6.0, 7 
passim, 8.1, 9.1, 9.4, 9.5, 11.2; XIIb-5b; XHIb- 
3.14; XIIId-1.3; XIVb-3.1 

al-Naqqash —> Ahmad ibn Muhammad al-Naqqash and 
Hasan ibn c Umar 

Nastulus XIIIa-5, 7; XIIIb-1.2, 3.17; XIIIc-3; 

XVI-4, 4:25; XVIII #3501 / 1.2.2a; #4023 / 1.2.2b 
Nasturus —» XIIIc-3 
Nicholas of Lynn XI-4.4; XIIb-9d 
al-Nlsaburl —> al-Sahl al-Nlsaburl 
Nur al-Dln Mahmud ibn Zankl —» Mahmud ibn Zankl 
al-Nuwayrl —> XIIIe-17, also 26 

Pascal, Blaise —> XIIIc-3 
Pedro IV XV-1 
Petrus Raimundus —» XIVb-F7c 
Peuerbach XIIb-15, 17:8 
Philis de Din ^ XI-11.4 
Philoponos -> XIIIa-4; XIIIb-1.2, 3.2 
Profatius X-6.6; XI-10, 10.3; XIIa-8; XIIIa-11 
Ptolemy XI-9.4; XIIIc-Oc, Od; XIIIe-4, 8, 9, 12, 14, 
25, 27, 30, 31, 33; also next entries 
Ptolemy, Almagest —> X-3; XV-1 
Ptolemy, Analemma —> XIIb-6c 
Ptolemy, Geography -> XIIIa-10:86; XV-3:103; XVI- 
11 

Ptolemy, instruments —> X-l 

Ptolemy, organum Ptolemei —> XIIb-15 passim 

Ptolemy, use of latitude 36° —» XIIIb-3.14 

Qadl Zade al-Ruml -a- XIVe-0 
al-Qarlml, Ahmad XVIII #6134 / 5.1C.” 

Qaysar —> c Alam al-Dln Qaysar 
al-Qumml, Abu Nasr —> XIIIe-2, also 10, 24, 28 
al-Qurtubl, Muhammad ibn Qasim —» XV-3.8, F13a-b 
Qushjl, c All XIVe-0:6 

Rabbi Qag XIIa-5 

al-RabT ibn al-Farras al-Harranl —> al-Harranl 
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al-Rahaql, Husayn ibn B-k-s (?) (#4131) -> XIIa-B:5; 

XVIII #4131 / 2.1.1 
Raimundus —» Petrus Raimundus 
al-Rashidl, Muhammad ibn Abl Bakr al-Ibrl (also al- 
Ibarl) al-Isfahanl -> X-5.4, F5.4.1a-b, 10; XIIIc- 
8.1; XVII-1; XVIII #5 / 1.4.7a, also #8004 / 5.4.1; 
#4031 / 1.4.7b 

al-Rassas, c All ibn Ya'qub —» XIIIc-Oc 
Regiomontanus —> XIIb-1, 2, 10, 15, 17; XIIIa-10, 
F10.6a-b; XIIId-1.4; XIVb-2 
Reich, G. -> XI-9.4 

Richard of Wallingford -> XIIb-10, 10:14 
Rida Khalil Banna 3 -> XVIII #2567 / 2.1.6 
al-Rlshl —» al-Kawm al-Rlshl 
Robertus Anglicus —> XI-10.2 
Roger Bacon —» XIIb-16 
de Rojas —> XIIb-15, 15:12 
Rudolf of Bruges -> XIIb-9e:15 
al-Ruhawl, al-Qadl Wall al-Mahmudl -> XVIII #4125 
/ 2 . 2.1 

al-Ruml —» al-Ahmar and Qadl Zade 

al-Sabbagh —» Muhammad c Izz al-Sabbagh 
al-Sabban —» Muhammad ibn Sa'ld al-Sabban 
Sabeus, Bernadinus —» XVII-5 
Sacrobosco, Johannes de —» XI-10.2; XIIb-F15e 
al-Sa'di —» al-Zankalunl 

Sa'du ibn 'All al-Mu’adhdhin -> XIIIc-A2; XVIII 
#5002/3.2.1 

al-Safadl (historian) —» XIVb-0 

al-Safaqusl —» al-Sharafl, Ahmad al-Safaqusl 

Saffar —» Muhammad Saffar 

al-Saffar —» Ibn al-Saffar, Ahmad and Muhammad; 

also 'Uthman ibn 'Abdallah al-Saffar 
al-Sahl al-Nisaburl X-F4.3.1; XIIIa-F3.1a; XHIb- 
3.9; XIVb-2; XVIII #137 / 1.5.1* 
al-Sahll, Ibrahim XVI-9; XVIII #121 / 1.3.6 
al-Sahll, Ibrahim ibn Sa'ld X-F3.1; XIIIa-F10.2b; 
XIIIc-F9o; XVIII #117 / 1.3.5a; #118 / 1.3.5b; 
#123 / 1.3.5c; #6001 / 5.1B.la; #6034 / 5.1B.lb 
al-Sahll, Muhammad -> XVIII #2572 / 1.3.8 
al-Sahll, Muhammad ibn Ibrahim ibn Sa'ld —> XVIII 
#6001 /5.1B.la 

al-Sakasl, Muhammad al-Jarkasl —» XIVb-10; XVIII 
#5012/3.2.6 

al-Salihanl, Muhammad ibn Abi 4-Qasim al-Isfahanl 
XIIa-B, FB4; XIIIc-11; XVIII #122 / 1.2.12 
Salim, Ottoman sultan —> XIVb-9 
Sanad ibn 'All —» X-5.3 
Sanjar al-Kamall —> XI-3.2 


al-Sarraj (sic for al-Siraj) —> XIVc-0 
Sayf al-Dawla, Buwayhid ruler —» XIIIc-Oc 
Sayf al-Dln Manjak (governor of Damascus) —> XlVb- 
8.1 

Sebokht, Severus XIIIb-1.2, 3.14 
Senior, William XIIId-1.4 
Sergios “the Persian” XIIIa-4; XIIIb-2 
Seuse —> Suso 

al-Shaddad —> Abu 4-Qasim ibn Hasan al-Shaddad 
Shahrukh, Timurid ruler —> XIVd-2, 2:10 
Shams al-Dln ibn Ghars al-Dln al-Halabl —> #5145 / 
3.2.5* 

Shams al-Dln al-Khallll —> al-Khallll, Shams al-Dln 
Shams al-Dln Muhammad affar —> Muhammad affar 
Sharaf al-Dln —> al-Marrakushl 
Sharaf al-Dln al-Khallll —> al-Khallll 
Sharaf al-Dln al-Tusl —> al-Tusl, Sharaf al-Dln —» 
XIIIe-12 

al-Sharafi, Ahmad ibn 'All XVIII #1161 / 1.6.11 
al-Sharafl, Ahmad al-Safaqusl —> XV-F17 
al-Shlrazl, Qutb al-Dln —> X-F9.7a 
Shirwani, Mukhlis XIIa-6, F6c; XIVe-1; XVIII 
#12/1.4.15 

Shukr Zade -> X-F6.3.4; XVIII #5152 / 3.4.5b 
Shukrallah (sic) —> Shirwani, Mukhlis 
al-SijzI, Ahmad ibn Muhammad ibn 'Abd al-Jalll —> 
X-F5.1.1; XIIb-17; XHIc-Oe, 3; XIIId-1.3 
Sinan ibn Jabir al-Harranl —> al-Harranl 
al-Sinjarl —> Ahmad al-Munajjim al-Sinjarl 
al-Siraj al-Dimashql -> XIVb-0; XIVc-0; #4160 / 
1.5.3a*; #3765 / 1.5.3b; #1042 / 1.5.3c 
Slape, John (medieval England) —» XIIb-6:10. 6:22 
Stoffler, Johannes —> XIIa-9, FI4a; XHIe conclusion 
al-Sufl, 'Abd al-Rahman XIIIa-1, 1:14, 5; XIIIc-10 
al-Sufl —> also Ibn Abi ‘l-Fath al-Sufl 
Sulayman ibn Muhammad ibn Sulayman 
(unidentified) XIVb-6.1 
Sultan Iskandar (unidentified) —» XIIIa-6 
Suso, Henricus = Heinrich Seuse —> VIII-3, F3.4 
al-Suyutl, Jalal al-Dln —» XIIIe-25 
Sylvester II, Pope XIIIc-6; XIIId-2.7; XVIII #101 
/ 1.2.7 

Ta'aslf —> 'Alam al-Dln Qaysar 
al-Tabari, Muhammad ibn Ahmad —» Abu T-'Uqul 
Tabari, Muhammad ibn Ayyub —> XHIe-lOa, also 32 
al-Tabari —> Mahmud ibn 'All al-Tabari and 
Muhammad ibn Mahmud al-Tabari 
al-Tablb —> al-Muhsin ibn Muhammad al-Tablb 
al-TabrlzI, 'Abd al-Rahman ibn Abi Bakr —> XIVc-0 
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Tanner, Robert —» XIIa-9 

al-Tantawl, Muhammad ibn Mustafa —> XIVb-8.2; 
XVIII #7319/4.3.4b 

al-Tanukhl, Muhammad ibn Muhammad (unidentified) 
-> XIVb-5.1 

Tapiero —» Ya'qub ibn Musa Tapiero 
Taqi T-Dln —» also al-Muzaffar Taqi T-Dln 
Taqi T-Dln ibn Ma'ruf-> X-F 1.1, F1.2, 2; XIVc-0; see 
also Istanbul observatory 

Taybugha al-Baklamshl —» VIb-6; also Ibn Taybugha 
al-Taybugha al-Tzzl —> XIIIc-3.2 
Thabit (ceramicist in Damascus) —» XIVb-9; XVIII 
#8026 / 5.6.2 

Thabit ibn Qurra -> X-7.1; XIIIe-4, 7, 8 
Theon -> XIIIa-4; XIIIb-3.14; XIIIe-0 
Thomas a Becket —» XIIb-F6c 
Tiro (Tironic notes) —» XV-3.2 
Trombetta, Zorzi (1444) —» XIIb-F6a 
al-Tusl, Naslr al-Dln -> XIIIa-6; XIIIe-24 
al-Tusl, Sharaf al-Dln -> X-5.6, F5.6.1; XIIIe-12 
Tycho Brahe —> X-2 

Ulugh Beg, Timurid ruler —» XIVd passim ; XIVe-0; 

XVIII #2710 / 1.4.13a (owner) 
c Umar ibn c Abd al- c AzIz, Umayyad caliph —> IV-7.1; 
X-7.0 

c Umar ibn Dawlashah al-Kirmanl —> al-Kirmanl 
al-UqlldisI, 'All ibn SaTd —> XIIIc-Oc 
al-'Urdl, Muayyad al-Dln XIVb-0; XIVa-3, 3:36 
al- c Urdl, Muhammad ibn Mu'ayyad —> XVIII #6005 / 
5.1C.5 

'Uthman Busnawl XVIII #5154 / 3.4.5d 
'Uthman al-Hamawl al-Najjar —> XIVb-8.2 
'Uthman ibn 'Abdallah al-Saffar -> XVII-2 


Vanandetsi, Ghoukas —> XIIIa-10, FI0.8 
van Eyck, Jan XIIId-2.9, F10 
Velarius Probus —» XV-3.2 
Vooghd, N. —> XI-11.2:6 

al-Wada'l, 'All XIVb-3.1-2; XVIII #4026 / 1.5.1a; 
also #4027/ 1.5.1b 

Wafa’-yi Munajjim XIVf-4:ll; XVII-1; XVIII 
#2708/2.1.4 

al-WafaT, 'Izz al-Dln 'Abd al-'AzIz ibn Muhammad —» 
VIb-14; X-F 1.7; F3.5, 9.3, F9.3.3a-b; XIVb-0, 5.1; 
XVIII #8006 / 5.5.2 

Wall al-Mahmudl al-Ruhawl, al-Qadl —> al-Ruhawl 
al-Wasitl, Hamid ibn 'All -> X-10; XI-9.1; XIIa-10, 
FlOa, Al, comm. ch. 9; XIIIa-5; XIIIc-Oc, Od, 8; 
XIIIb-1.2; XVI-4; XVIII #100 / 1.2.9a; #3713 / 
1.2.9b, 1.2.14*d 

Whitwell, Charles X-F5.2.5; XIIId-1.4 
William of Moerbecke —> XIIb-6c 
William Worcester —» XIIb-9e 

Ya'qub ibn Musa Tapiero XVIII #1122 / 1.6.21 
Ya'qub ibn Tariq XI-2.1, 6.4, Al; XIIIb-3.14 
Yunus ibn Husayn al-Asturlabl —> X-F3.3; XVIII 
#6002 / 5.1C.2 

Yusuf ibn Hajjl al-Jllanl —> al-Jllanl, Yusuf ibn Hajjl 

Zacuto, Abraham —> XI-3.10 
al-Zankalunl, Ahmad ibn Muhammad al-Sa'dl —» 
XIIIc-8.1 

al-Zarkanl —> Ishaq al-Zarkanl 
al-Za'tarl, 'All XVIII #3712 / 2.3.3 
al-Zayyat, Ishaq ibn al-Hasans XV-4.5; XVI-7, 7:57 
Zeelst, Adrian —» XIIId-1.4 
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Aaboe, Asger —» XIIIa-l:l 
Abbott, Nadia —» XlVf preamble 
Ackermann, Silke -> XIIb-17:12; XIVb-10 
Aguiar Aguilar, Maravillas —» XV preamble, 4:271 
Ahmad Mukhtar Basha —> X-l 1 
Andrewes, Will —» XlVa preamble 
Ansari, S. M. Raza —» XlVd dedication, preamble (list 
of publications on instruments); XIVf preamble 
Anthiaume, A. —> XIIa-8:l 
Archinard, Margarida —> XIIb-2:8 and 9 
Assemani, Simon —» X-F3.2a-b 
c Awwad, Jirjis —» XHIb dedication, 1.3 
‘Azzawl, c Abbas —» XHIb dedication 

Barthold, Wilhelm -> XIVd-l:6 
Beaujouan, Guy —» XV preamble 
Befort, Paul-Andre -> X-F4.7.2; XIIIa-3:41; XHIe 
conclusion 

Behari, K. —> XlVf preamble 
Benaki, Antonis —> XIVb-5.1 
Bennett, Jim —» Xlla-1 (quote) 

Berggren, J. Lennart —» XHIc-Oe 
Bosch, Daniel —» XIIIa-1, 1:2 
Brentjes, Burchard —> XIIIb-A 
Brentjes, Sonja -> XIIIb-A; XVI-5:40 
Brieux, Alain —> preface; X-l; XI-1.3.7; XHIa 
dedication, 2a, 2c, 6; XHIc-Ob, 3, 9; XVIII 
introduction; captions to many photos 
Brieux, Dominique —» preface; XHIa preamble; XIVe 
preamble; captions to many photos 
Bruin, Frans —» Xlla dedication, preamble (list of 
publications) 

Brusa, Giuseppe —» XIIb-l:7, 2 
Caldo, L. -> XIIIc-8.1 

Calvo, Emilia —» X-5.2; XV dedication; also universal 
plate of Ibn Baso and universal astrolabe 
Carter, Michael —» XHIe preamble 
Casanova, Paul —> XIVb-1 
Chabas, Josep —» XIIIa-1, 1:2 


Charette, Frangois —» preface; X-l, FI.8; XI preamble, 
1 (quote), 1.3.2:6, 3.6:7, Fig. 6.4b, etc., 17:3; Xllb 
preamble, 11:1, 12, 12:1; XIIIa-5:52, 7, 12:119; 
XHIc-Oe, 3:5; XIVb-5.1; XV preamble; XVI 
preamble 

Cheikho, Louis —» XHIc-Oe 
Chemla, Karine —> XV preamble 
Collins, Jeremy —> preface; XV preamble; XlVg 
dedication 

Comes, Merce —> XV dedication 
Comes, Rosa —» XIVd-4:3 
Corriente, Federico —> XV preamble 
Creswell, K. A. C. XIIIc-0b:16 
Crombie, Alistair —> XIIIa-1 

d’Hollander, Roland XIIIa-1:2 
da Schio, Almerico —> XIIIc dedication, Ob 
Dalton, O. M. -> XIIIa-Fig. 4.1b 
Debeauvais, Francis —> X-F4.7.2; XIIIa-3:41; XHIe 
conclusion 

Dekker, Elly -> X-6.6 (quote); XIIa-8:l 
Delahar, Peter —> XIIb-2:8 

Delambre, Jean-Baptiste —> XI-1.2:1; XIIa-1 (quote); 
XIIb-l:8 

Destombes, Marcel XIIIa-9; XIIIb-1.3; XIIIc 
dedication, Ob; XVI-5:36 
Dizer, Muammer —» XIVc-2 
Dobrzycki, Jerzy —> XIIb-17:8 
Dorn, Bernard —» preface; XIIIc dedication, Ob, 4; 

XVIII introduction 
Drecker, Joseph —> XI-1.2:2 
Dyga, Ryszard —> preface 

Eagleton, Katherine —> XIIb-l:7, 6:9, 6b 
El-Said, Issam —> XHIb, dedication 
Evans, Lewis —> XIIIc dedication, Ob; XIIId-1.1; 
XIVd-2 

Fantoni, Girolamo —» XIIb-2 
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Faransls, Bashir —» XHIb dedication, 1.3, 1.4, 5 et 
passim 

Fehervari, Geza —» XIVb-6.1 
Flint, Valerie -A X-l (quote) 

Forcada, Miquel —> XV dedication 

Frank, Joseph —» preface; XIIb-17:3; XHIc-Oe 

Fuller, A. W. -> XIIb-2, 2:6 

Gandz, Solomon —» XIIIe-0 
Garcia Franco -> XIIa-9:7; XIIIa-l:2, 2b; XIIIc-6 
Ghul, Mahmoud -> XIVa-B 
Gibbs, Sharon -> XIIIa-l:2 
Gillingham, Harrold —> XlVa preamble 
Gingerich, Owen —» XlVa dedication 
Girke, Dorothea —» XI preamble 
Glasemann, Reinhard —» XIIIa-2:19; XV preamble, 
F10 

Gloth, Gunter -> XIVb-8:4 
Gokmen, Fatih —» X-l 1 

Goldstein, Bernard -> XI-3.12:14, 4.2, 10.2; Xlla- 
8:11; XIIb-17, 17:5 
Govind, V —» XIVf preamble 
Grube, Ernst —> XV preamble 
Gunther, Robert -> preface; X-l; XI-1.3.7; XIIb-l:7, 
2, 6:10, 13; XIIIa-1, 2, 2a; XIIIc dedication, Ob, 9, 
10, 11; XIIId-1.1, 2.7; XIVa-1; XIVf preamble; 
XVIII introduction 
Gutas, Dimitri —» XHIe dedication 

Hall, Edwin -> XIIId-2.9:61 
Hallett, Jessica —> XVII-0:6 
Hartner, Willy -> XIIIa-l:2 
Hellmann, Martin —» XV preamble, 3:67 
Helmecke, Gisela —» preface; XIIIa-2:17 
Herrera, Monica —> XHIe preamble 
Higton, Hester —> XIIb-2:8 
Hill, Donald -> XIIIa-7 
Hinds, Martin —> XIIIc-3 
Hoare, Oliver —» XIIIa-1 
Holzschuh, Berthold -> XIIIa-F10.6b 
Hogendijk, Jan -> XI-9.3; XIIb-8:4, 17, 17:5; XIIIc- 
Oe 

al-Homaizi, Jasim —» XIIIc-9 

ihsanoglu, Ekmeleddin —» XlVe dedication 

Janin, Louis —» X-F5.7.2; XlVb dedication, preamble 
(list of publications), 8.1-2 
al-Jaza’irl, Tahir —» XIVa-4 
Jones, Alex —» XI-3.13 


Kaye, George —» XlVf preamble 
Kegel, Walter -> X-F2.1 

Kennedy, E. S. -> XI-1.3.1, 1.3.3:10; XIIIa-7; XHIe- 
0; XlVa preamble; XIVb preamble 
Kennedys, E. S. and M. H. -> XIIIc-3.2, 10; also 
geographical tables and Emilia Calvo 
Khan Ghori, S. A. —» XlVd preamble 
King, Henry C. —» X dedication and preamble 
Knorr, Wilbur —» XIIa-1 (quotes), 7:4 
Knuthsen, L.: “Dr. Knuthsen’s astrolabe” —> XVIII 
#3640 (Gunther’s 134A) / 1.6.15f 
Kolbas, Judith -> XIVb-2 
Kragten, Jan —> XIIb-2, 6b 
Kremer, Martin XIIb-17:8 

Kunitzsch, Paul -> XIIIa-2:20, 2:23, 2b, 2:23, 3, 5:57, 
7, 9:77; XIIIb-3.9, 3.17; XIIIc-3; XIIIe-0; XHIe 
preamble, 0, conclusion; XV preamble, 1:34, 3.13, 
3:67; XVI-5:36; etc. 

Kurtze, Maximilian —» XIIa-8:5 

Langermann, Y. Tzvi —> XV preamble, 4:267 
Lorch, Richard —> XI preamble, 1.2:4, 3.12:14; XIIa-1 
(quote), 3:1; XIIIa-2:20, 5:52, 7; XHIc-Oe 

Maddison, Francis —» preface; X-l; XI-1.3.7; XHIa 
preamble, 1:2, 2a, 2c; XHIc-Ob; XIIIc-1.1, 1.2, 3, 
12.3; XIVd-2 (quote), 2:16; XVIII introduction 
Maeyama, Yasukatsu —> XI dedication 
Mahir, Su c ad XIIb-14:19; XIIIe-0 
Maier, Kurt -> preface; XIIIa-2:19, 5:51; XIVb-10; 
XV-3:71; XVI preamble; XVIII dedication, 
preamble (list of publications) 

Manz, Beatrice —» XIVd-l:6, 2:10 
Marcel: “Marcel’s Egyptian astrolabe” —> XVIII 
#1160/ 1.6.15c 

Margoliouth, David S. —» XHIc-Ob, 9 
Marra, Ornella —> preface; 

Martin, Lillian —> XIIb-6c 

Maude, General F. S. —» XHIb preamble 

Maurice, Klaus and Sigrid —> XI-1 (quote) 

Mayer, Leo Ary —» preface; XIIIc dedication, 0b; 

XIIIa-2a; XIIIb-1.3; XIVa-2; XIVe-1 
McCluskey, Steven —» XIIa-14:3 
Meucci, Ferdinando —> X-F3.1 
Meyerhof, Max —> preface; XIIIa-2:17 
Michel, Michel X-F4.2.3; XI-1 (quote); XIIa-14:3; 
XIIIa-1:2, 5:60 

Millas Vallicrosa, Jose Maria —> XI-1.2:3, 9.2, 9.6; 
XIIa-7:3 

Miniati, Mara —» XHId dedication 
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Morzer Bruyns, Willem —» XHIa preamble 

Moesgaard, Kristiaan —» XIVc-2 

Moore, Michael —» preface 2 

Morley, William —» preface; XIIIe-0; XV-1 (quote) 

Morrison, Jim —» XHIa preamble, 1:2 

Mortillaro, Vincenzo —» XIIIc dedication, Ob, 8.1 

Moulierac, Jeanne —> XlVa preamble; XlVb preamble 

Miiller, Siegfried -> XIIIa-10:86 

Muller-Wiener, Martina —> X-F1.5; XV preamble 

Mundo, Anscari -> XIIIa-9:72; XIIIb-1.3; XVI-5:36 

Musaylahl, Sa c ld Muhammad —> XIIIc-0b:23, 3.2, 8,2 

Nadvi, S. S. -> XlVf preamble 
al-Naqshabandl, Nasir —» XHIb, dedication, 1.3, 1.4, 5 
et passim 

Neubauer, Eckhard —» X-ll (quote) 

Neugebauer, Otto —> XIIIa-4:42; XIIIe-0 
North, John -> XI-4.4:12, 9.1; XIIa-1 (quotes), 14:3, 
15:1; XIIb-2, 6c:21, 9e, 10:16, 15:1, 17:8, A; 
XIIIa-1, 1:2, 10:99, 12:119; XIIId-2.8; XVI 
dedication 

Olschki, Florence bookseller —» XIIId-1.1 

Pala, iskandar —» XIVc preamble 
Pavon Maldonado, —> XV-3:137 
Pines, Schlomo —» XIIIe-0 
Pingree, David -> XI-2:7, 2:9; XIIb-17, 17:1 
Pope, Marvin —» XVII preamble 
Poulle, Emmanuel —» XIIa-1 (quote), 8:1 
Price, Derek de Solla —> preface; X-l (quote), 1; Xllb 
dedication, preamble (list of publications), 1:7, 2; 
XIIIa-3; XHIc-Ob; XIVa-1 
Prinncipe, Franca —» X-F3.1, etc. (Florence photos) 
Puig, Roser —» X-5.2; XI-8.3:19-20; XV dedication; 
also shakkaziyya and zarqalliyya and universal 
astrolabe 

Ragep, Jamil —» XIVe-0:6 
Rius, Monica —» XV dedication 
Rosenthal, Franz —» XHIe preamble, 0; XVII 
preamble 

Roustan Delatour, Christophe —» XIVf-7 
Ruhberg, Sven —> Xllb preamble, 2:10 

Saavedra, Eduardo —» XIIIc dedication, 0b, 6 
Saddam Hussein —» XIIIb-5 
El-Said, Issam —> XHIb, dedication 
Saliba, George -> XIIIa-l:2; XHIc-Ob, 1.3; XlVa 
preamble 


Samso, Julio —> XV dedication and preamble; XVI 
preamble, 5:36 

Sarma, Sreeramula —» XlVf dedication, preamble, 
passim ; XVIII introduction 
Sarrus, Frederic —» preface; XIIIa-2:17 
Sarton, George —» XIIa-1 (quote) 

Saunders, Harold —» XIIa-9:7; XHIc-Oa (quote) 
Savage-Smith, Emilie -> preface; X-l, 31 XIVf-6; XV- 
1:1, 4:286; XVIII introduction 
Sayili, Ay dm —> XI Vc dedication 
Schaldach, Karl Heinz -> XIIb-17:12 
Schley III, Henry Spalding —> preface 2 
Schmidl, Petra preface; XI-1.3.2:6; XIIb-12, 12:1, 
17:3; XIIIa-5:52, 7; XHIc-Oe; XHIe preamble; 
XIVa-B 

Schoy, Karl -> preface; X-F9.5.1; XI-1.3.4; XHIc-Oe 
Sedillot, Jean-Jacques (pere) —> preface; X-l; XI-1 
(quote), 1.3.4 

Sedillot, Louis-Amelie (fils) —» preface; X-l; XI-1.3.4; 

XIIIc dedication, 0b; XVIII introduction 
Serjeant, Robert —» XIVa-B 
Settle, Tom —> XVIII introduction 
Sezgin, Fuat X-l, 11 (quote), 11; XHIc-Ob; XHIe- 
0; XIVb-2; XIVc-2 
Sims, Eleanor —> XV preamble 
Smith, Myron Bement —» XVII dedication 
Smith, Rex XIVa-B 
Sottas, J. —> XIIa-8:l 

Stautz, Burkhard —> preface; XIIIa-l:2, 2b, 3:41; 
XIIIb-1.3, 3.7; XIIIc passim ; XIVb-2; XIVc 
passim ; XIVc-1, 2; XV preamble, 1:35 
Stimson, Alan —> XIIIa-l:2 
Sulzberger, David —> XIVg preamble 

Tomba, Tullio -> XIIIa-2:19, 2b 
Tourkin, Sergei —> XIVe-l:14 
Trento, Paolo —> XIIIa-l:2 

Turner, Anthony J. —> XIIa-1 (quotes), 8:2; XIIb-A:l; 
XIIIb-3.17; XHIc-Oa, 0b, 5; XV preamble, 1:1, 
2:46,3:187,3:211,4:286 

Turner, Gerard L’Estrange —> XIIa-1 (quote); Xllb 
preamble, 2:8, 15, 15:5; XIIIa-l:15, 2:19, 10; 

XVIII introduction 
Tushingham, Doug —» XVII preamble 

van Cleempoel, Koenraad —> XV preamble; XVIII 
introduction 

van Dalen, Benno -> XI-1:10; XIVd-l:6; XV 
preamble, 3:211; XVI-2:18 and 23 
van Damme, Jacques —» preface 
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van Gent, Robert —» XIIIa-3:41 

van Koninksveld, Peter Sjorn —» XV preamble 

Varisco, Daniel —» XIVa-B 

Viladrich, Merce -> XI-11.2:1 

von Neumann, John (mathematician) —» XI-1 (quote) 

Wachten, Johannes —» XV preamble 
Wagner, Wolf-Dieter —» preface 
Waldman, Helen -> XIIIa-F10.6e 
Weber, Annette —» XV preamble 


Wetzstein, Johann —» XHIc-Ob, 4 
Wiedemann, Eilhard -> X-9.7; XIIIe-0 
Wilhelm Hohenzollern XIVd-2 
Wilson: “Prof. Wilson’s astrolabe” from Benares —> 
XVIII #67 / 1.4.8 

Woepcke, Franz —» preface; XIIIa-5:51 

Zinner, Ernst -> XI-4.4:12, 10.2; XIIb-2, 10, 15:1, 
17:12, A 

Zozaya, Juan —> XV preamble 
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Note: The abbreviations A, P, H and L used here and elsewhere stand for Arabic, Persian, Hebrew 
and Latin, respectively. 


abjad —» XIIIa-5:48 
afaqi —> mihrab afaqi 
afaqiyya —» XIIa-10; XIIIc-8.1 
c alama as in c allim c aldma tan —> 

XIIa-9 

allifa -> XIIIc-10 
c amal —» XIVe-1 
arbab al-wujuh —» XIVa-2 
ard li-ta c dil al-shams (?) —» Xllb- 
12 

c asa ‘l-Tusi —> X-5.6 
dsi -> X-F5.2.4-5; XIIId-1.3, 1.4, 
F5; XIVb-3.1-2 

asturlab / asturlab , etymologies —» 
XIIIe-0 et passim 

basmala —> XIIIa-F 10.9a, 10:114 
bayda —> X-3 

brachiolus (L) —» index of topics 
buq -> XIVa-F3.3-4 

dabbat al-sa c at —> XIIb-14 
daHrat al-muaddil —> index of 
topics 

darb -> XIVa-4 
dhat al-kursi —> X-3 
duha —» X-F7.2.6 

fadl al-dawr —» XIVd-1, 1:5 
al-fajr, tulu —» XI-5.1 

hdfir -> XI-6.4 

hdl -> XIVe-1 

halazun —» XI-6.4 

hdsib -> XIVa-4; XIVc-1 

al-hasib al-maliki —> XIVa-4 

hudud -> XIIIc-8.2; XIVa-2 

huqq al-qamar —» Xlla-C 

7 dada —» XIIIa-l:15 


c idayn -> XIVb-10 
ijdza —» XIVa-4 
Him -> XIVe-1 
imdn —»XTVe-l 
imsak —» XIVb-10 
isba c —» XIIa-B 

al-jabbar —» XIIIb-3.9 
al-jayb al-ghdHb —» VIb-10 
al-jayb al-Khwarizmi —» XIIa-2 
jayb al-sa c at —> XI-9.3 
junk —» XI-F9.5b 

kdmil -> XIIIa-5; XIIIc-8.1 
kardaja —> XI-2.1, A1 

Idt -> XHIe-14:55 
lawh al-sa c at —> XIIb-14 

madar —» XI-7.1, etc., 9.5 
maftuh -> XIVb-3.1 
mail -> XIIb-14 
majana (Palermo) —» X-5.4 
majarra (sic) —> majra 
majra —> XI-A4; XIIa-Al, comm, 
ch. 1 

malus (L) —» XIIb-14 

mann —» XIVa-4 

matwiya —> XIVb-7* 

mihrab —» XIIIc-9, F9o 

mihrab afaqi —> X-F1.7 

mizan —» XIVb-10 

mizan al- c ankabut —» XIIIa-F5.1b 

mizan al-Fazari —» index of topics 

muadhdhin —> V passim ; XIIIc-A2 

mubakkash —>VIb-3.1 

mubattakh —» X-F5.1.2; XIIIa-7 

mughni —> VIb-5 

muhandis —> XIIIc-Oc 

mujammad —> X-F5.1.3 


mukhula —» XIIb-14 
munajjim —»XIIIc-l.l; XIVe-0; 

also nujumi 
muqawwim —» XIVc-0 
murraba c al-zill —» XIIa-B 
musammat —> X-F1.8 
musatara —> X-5.7.1 
musattar —» X-F1.6 
al-must c amal —> al-zill al- 
musfamal 

mutabbal —» XIIId-1.3, F5 
muthallathat —» XIVa-2 
muthanna (script) —» XIIIa-10:113 
muwaqqit —> V passim ; XIVb-0; 
XIVe-0 

najjdr -> XIIIc-11, 11:129; XlVb- 
8.2; XIVc-0 
nujumi —» XIVe-2 

organum Ptolemei (L) —» index of 
topics 

qadam —» XIIa-B 
al-qalam al-Fasi —> XIVd-4, 4:3 
qamar —» huqq al-qamar 
qiVi —» XI-9.1 
qisma —> XIVa-4 
quadrans novus (L) —» index of 
topics 

quadrans vetus (L) —» index of 
topics 

quadrans vetustissimus (L) —» 
index of topics 
qutr al-zill —» XI-A1 

Rajab al-asabb —» XIVa-4 
rasm —» XIVa-4 
roba Yisrael (H) XI-10 

rub ‘ ‘Alai -> VIb-8 



INDEX OF TECHNICAL TERMS 


1049 


rub c al-dustur —> XI-8.1 

rub c mujayyab —» XI-8.1 

rub c shakkazl —» XI-8.2 

rub c tdmm —» VIb-8, F8.1 

rub c zarqalll —» XI-8.3; XIIa-F5a 

rukhama —> XIIb-14 

sci at al-junk —» XI-F9.5b 
sadt zamaniyya li-kull ard —> XI- 
9.3; XIIa-15:2; XIIIc-10 
sa at —> also dabbat al-saatjayb 
al-sa c at, lawh al-saat , sanduq 
al-saat 

sabk -> XIVa-4 

safaih —> Zlj al-Safaih in Index of 
topics 

safiha -> X-5.2; XI-8.2 ; etc. 
safihat mizan al- c ankabut —> 

XIIIa-F5.1b 

sahibat al-qibla —> XV dedication 
al-samaka —> XIIIb-2.4, 3.16; 

XIIIc-1.1-3, 2, 3.1,6, 8.2 
sanduq al-saat —» XIIb-14 


sanduq al-yawaqit —> Via-17; Vlb- 
8; X-9.3, F9.3.1a-d, F9.3.2, 
F9.3.3a-b 

saphea (L) —> index of topics 
saq al-jarada —> index of topics 
sexagenarium (L) —> index of 
topics 

al-shamila, al-ala —» X-F3.6; 

XIIa-2:l; XIIIc-9 
shakkazl —> rub c shakkazl 
shakkaziyya —> X-5.2, F5.2.1; XI- 
8.2, A6; XIVb-5.1, 7; also 
universal projections 
shukr —> XlVe-1 

tahlb -> X-F7.2.6 
taqwim —> X-F4.6.1; XIVa-B; 
XIVc-0 

tarjahar —> XIVa-3 
tarjahdr XIIb-14; XIVa-3, 4 
tasa —> XIVa-3 
tafim —> XIVc-1 
taylasan —> XI-3.0 


tilmidha —> XIIIc-Oc 
tulu al-fajr —» XI-5.1 

c ud —> zill al- c ud 

wad c XIVa-4 

wad c al-kura (sic) —> XIIIe-33 

wujuh —> arbab al-wujuh 

zarqalliyya —> X-5.2, F5.2.1; 
XIVb-3.1-2; also rub* zarqalli, 
and universal projections 
zawraqi XIIb-l:7, 17; XIIIa-7 
zlj —> XI-1.3.3:10, etc.; also index 
of topics 

Zlj al-safaih —> index of topics 
al-zill al-Khwarizmi —» XI-6.4:14; 
XIIa-2 

al-zill al-musfamal —» XI-3.5, 6.2 
zill al- c ud —> XIIa-B:8 
zill —> also murraba c al-zill 
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Baghdad Awqaf 2966/6294 -> XI-3.9 
Bankipore 2486,36 -> XI-1.3.1, 2.1 
Berlin Ahlwardt 5750 -> XI-5.0, A5 

-5790 -> X-F4.2.1; XIIa-B:8 

-5791 -> X-F4.2.1; XIIa-B:8 

-5793 -> XI-1.3.2, 3.1, F3.1, 4.1, F4.1b, 8.1, 9.2- 

3, F9.3a, A2; XIIa-FBl 
-5845 -+ X-F9.3.2 

— lat. fol. 601 -+ XIVc-F5b 
Cairo DM 103 -^X-F7.1.4 

— DM 969 (entire ms) -+ X-F3.6; XIIa-2:l 

— DM 969+970 (originally together) —» X-F3.6 

— DM 969,4 -> XI-1.3.2, 9.1-3, 10.1, A4; XIIa-2, 
F2a, A (text) 

— DM 970 -+ X-F3.6; XIIa-2:l 

— K3821 —» X-F5.1.1 

— MR 40 —> VIb-F8.1, F8.3; vol. 2, prefaced; X- 
F6.5.1; XIIa-F6.1; XIIb-11, 11:1, FI la, A, B 

— MR 41 (and 40) —» XIIb-11:1, B 

— S 4792 —> XI-8.1, F8.1a 

— TH 45 —> X-F9.7a 

— TJ 635 -> XIIb-B 

— TM 155,3 —> XI-1.3.2, 9.1, 10.5, 11.2, A8; Xlla- 
5:2 

— TR 105 —» X-F7.1.3, 9.2.1; XIVa-3 
Cambridge Trinity College 0.526 —> XIIb-A 
Christies manuscript of Najm al-Dlns treatise —» XI- 

1.3.5 

Damascus Zahiriyya 4133 —> XI-1.3.6, 1:18 
Dublin Chester Beatty 102,2 -> VIIb-F3.1, F5.2; X- 
F1.8, F5.7.1, F7.2.8; XI preamble, 1.3.5, 3.6, F3.5- 
6, 7 passim , F7.1a, F7.2a, F7.3a, F7.4a, F7.5a, 
F8.1c, F8.2a, 9.1, F9.1a, 10.4; XIVg-F4 
Escorial ar. 918 ^ XV-4:271 
Hyderabad Andra Pradesh State Library 298 —> XI- 
1.3.3, 2.1, 5.3, 5.4, A7 

Istanbul Ayasofya 4830 -> X-F7.1.1; XI-1.3.2, 4.1, 
F4.1a, F4.1c-d, A3 

— Carullah 1451 -> XIIb-F17a 

— Haci Mahmud Efendi 5713 -> X-F6.4.4a-c; Xlla- 
11:1 

— Topkapi A.III 3342 -> XIIb-13:10, B 

— Topkapi A.III 3343 -> XI-1.3.4, 2.2, 3.5, F3.5, 
F6.1, F6.2, F6.3, F6.4, 6.4:14, F8.3b, F9.1a; Xlla- 
F5a 

— Topkapi A.III 3505 -> X-F3.4.2, F5.4.2, F5.6.1; 

XIIId-F5 


— Turk ve islam Eserleri Miizesi 1939 —> X-F1.2 

— University Library, Yildiz F-1404 -> X-Fl.l; XIVc- 
0 

— Yeni Cami 784,2 -> XIIb-5:4, B 
Leiden Or. 65 -> XI-3.9 

— Or. 123B —» X-F7.1.5 

— Or. 199,3 -> XI-4.2, F4.2 

London, British Library Or. 5479,1 —» X-4.7 
Medina c Arif Hikmat rnlqdt 1 —> XI-3.4 
Meshed Shrine Library 392+393 —> XIIa-F2a 
(caption) 

Milan Ambrosiana C82 —> XI-3.10 
Munich heb. 343 -> XI-3.12 

— lat. 5418 —> XIIb-FlOa 

Oxford Bodley 133,2 XI-9.4, F9.4c 

— Bodley 68 -> XIIb-6:l 1, 9e:14, A 

— Digby 68 (or 168?) -> XI-3.11 

— Digby 98 -+ XIIb-A 

— Laud Misc. 674 XIIb-9:l 1, A 

— Marsh 663 -> XIIb-12, F12a-d, B 

— Tanner 192 XI-F10.3c 

Paris ar. 2278 -> XV-F17 

— ar. 2486 —> XI-3.2, 5.1 

— ar. 2506 —> X-F7.1.2 

— ar. 2507-2508 -+ XI-1.3.4; XIIb-F17b 

— ar. 2514 -> XI-4.3 

— ar. 2523 -+ XI-3.7 

— ar. 5968 -+ XI-5.2 

— gr. 2425 —> XI-2.1, 3.13 

— heb. 1053 —> XI-10.2 

— lat. 7412 —» XVI-3 

— supp. pers. 1488 —> XI-3.2 
Princeton Yahuda 147c —> XI-3.9 

— Yahuda 4657 -> XI-1.3.6, 8.2 

Sanaa copy of al-Afdal’s anthology (facsimile by 
Varisco & Smith) —» XIVa-F3.4, B passim 
Srinagar (Abu Ja c far al-Khazin on the Zij al-Safaih) 

—> X-5.3, F5.3.2, F6.1.1 
Tehran MUI 150 -> XIVa-3 
Vatican Borg, arabo 817 —> X-F3.5 

— gr. 1056 —» XI-3.13 

— Reg. 1661 -+ XI-9.2, F9.2c, 10.2 

— Reg. lat. 598 -+ XIVc-F5d 

Weimar cod. max. 29 —» prefaced; XIIb-FlOe 
Zabid copy of Zij of al-Daylaml —> XI-3.8 



INDEX OF INSTRUMENTS CITED IN THE TEXT 


Note: Lists of instruments used in various individual studies are appended to XI, Xlla, Xllb, XV 
and XVI. The reader should also consult the Index of instruments listed in XVIII, which follows. 
Identifications of the instruments are usually to be found ad loc. The makers of signed instruments 
are listed together with the # numbers in the Index of persons. References to XVI-A indicate that 
the latitudes featured on the instruments have been compared with those on contemporaneous 
instruments. 


#0002 -> XIIa-B:l; XIIb-9:5, B; 
XIIIa-1, 1:15, 4, F4.1a-b; 
XIIIb-1.2, 3.5, 3.6, etc.; XVI-3, 
A 

#0003 -> XI-9.3, 9:15; XIIa-15:2; 
XIIIb-3.6; XIIIc-9, 10; XVI 
preamble; XVII-1, A 
#0004 -> X-F4.5.2; XIIIc-Al:4 
#0005 -> X-F5.4.1a-b; XIIIb-3.6; 
XIIIc-9 

#0006 -> XIVb-4; XIVe-2 
#0007 -> XIVc-2:19; XIVd-2 
#0007 -> XIVd-2, 2:9, F2.1 
#0012 —» XIIa-6, F6c; XIVe-1 
#0018 -> X-F4.5.3; XIVd-2, F2.1b 
#0033 -> X-F4.3.4 
#0054 -> XI-11:15, FI 1.3b 
#0058 -> XIIIa-5, 5:55 
#0076 ^X1-11:17, FI 1.3f 
#0099 -> XIIIb-1.2; XIIIc-2; 
XVI-3, 4, A 

#0100 ^ XI-9.1; XIIa-10, FlOa, 
Al, comm. ch. 9; XIIb-9:2, B; 
XIIIb-1.2; XIIIc-8.1; XVI-4 
#0101 XIIIb-3.5; XIIIc-6; 

XIIId-2.7; XV-3:89; XVI-A 
#0102 X-F5.2.2; XIIb-16:2, 

FI6a, B 

#0103 —> X-F4.6.1; XIVc-2:13; 
XIVd-2, 2:8, F2.1, F2.2a-b; XV- 
3.25 

#0104 -> X-F1.4; XIIIb-3.6; 
XIVc-2:12; XIVd-2, 2:7; XV- 
3.25; XVII-1 
#0106 —» XV-3:127 
#0107 —> XIIb-9:6, FI6a, B; 


XIIIc-3.2; XV-3:117 
#0109 -> XIIa-C:2, FClb; XHIa- 
F1.2, FI.3; XIIIc-12.2; XHId- 
2.6; XlVa passim; XVI-2, 3, A 
#0110 -> XIIId-2.6, 2:51; XV-3.6, 
3:123; XVI-7, A 

#0111 ^ XIIa-A, A:9, comm. ch. 

9; XIIIb-1.2, 3.6; XIIIc-9; 
XIVe-2; XVI-4, 8, 9, 10, A; 
XVII-1 

#0112 —> XI-11:16, FI 1.3e 
#0116 -> X-F4.1.3; XIIa-C:2, 
FCla; XIIId-2.7; XV-1:22, 1:31, 
3.19, 3.20, 3.28, F15, 3.9, 3.19; 
XVI-5, 7, 10, A 

#0117 -> XV-3.9, 3.19; XVI-3, 4, 

6, 7, A 

#0118 —> IV-F7.3; X-F4.5.1; 
XIIIa-F 10.2b; XIIIc-F9o; 
XIVd-2, F2.1b; XV-3.19; XVI- 

7, A 

#0121 —» XVI-5, 6, 9, 10, A 
#0122 -> XIIa-B:10; XIIIc-11; 
XVI-3, 4, 10, A 

#0123 XIIa-6:2; XV-3.9; XVI- 

5, A 

#0124 X-F4.3.3, F4.7.2 

#0130 ^ XV-3.9 
#0135 = #0110 

#0137 -> X-F4.3.1; XIIIa-F3.1a; 

XIIIb-3.9; XIVb-2; XV-3.25 
#0137 (Gunther) = #0550 
#0139 —> XV-3.9 
#0140 -> VIb-5, F5.1; X-F1.3, 
F4.7.1, F5.2.4; XIIId-1.4; 
XIVb-3.1, 4; XlVg; XV-3:127 


#0142 —> XIIa-8:12 
#0153 —> XV-3.9 
#0154 -> XV-1:15, XV-3.8, F12, 
3.9, 3.10, 3.19, 3:130; XVI-7; 
XVII-2, A 

#0158 -> XV-3.20; XVII-4 
#0159 —» XV-3.20, 3:288 
#0161 —» XV-3.25, 4.4; XVI-2, A 
#0162 ^ XIIIb-3.6; XV-1:19, 
2:55,3.7,3.9,3.10,3.13,3.19, 
3.25, 3:55, 3:130, 3:176; XVI-4, 
12:68; XVII-3, A; XVIII 
preamble 

#0164 -> XV-4:288; XVII-5 
#0166 —> XIIId-1.1; XVI-2, A 
#0167 —> XV-4.4; XVI-2 
#0169 XIIIa-10:82; XHId 

passim ; XV-3.15, 4.4 
#0191 —> XVI-12:69 
#0193 XIIa-12:l, F12a; XIVc- 
F5a 

#0198 X-F5.4.3, F6.3.2; XI- 

11.2, 11:4; XIIa-B:13, FB5b; 
XIHa-10:81; XIIId-1.3; XV- 
3:181 

#0202 VIII-3, F3.1; XIIa-B:13, 
FB5a; XIIIa-10, F10.3a-f; XV- 
1:31, 3.31, 3:181; XVI-2, 12:68, 
A; XVIII preamble 
#0203 —> XV-3:87 
#0211 —> XI-11.4, 11:19 
#0213 —> XV-3.25, 3:212 
#0256 XIIa-1 (quote); Xllb- 
15:4, F15a, A 

#0290 XIIb-6:6; XV-3.10; 

XVII-3 
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#0291 -> XIIb-l:5, B; XV-1:30, 

3.7 

#0292 -> XIIb-l:5, B; XV-1:29 
and 30; XVII-3 
#0293 -> XV-3.20; XVII-4 
#0296 -> XI-11.4, 11:18; Xlla- 
F7b, B: 12 

#0298 —» XIIb-9:10, B 
#0299 —> XVI-12:71, FI2.1 
#0300 -> XIIIa-F 10.2a; XV-3.9, 
F14, 3.11; XVI-3, A 
#0304 —» XV-1:29 
#0337 -> XIIa-12:4, F12d 
#0416 -> XV-1:20, 3.7, 3.8, 3.19, 
3.25,3:176, 4:288; XVI-A 
#0420 —» XV-3.9, 3.25 
#0422 -> XVI-A 
#0452 -> XIIIa-F 10.6c 
#0460 —» XV-3.6 
#0482 -> X-F5.2.5 
#0492 -> XIIb-15:8, FI5b, A 
#0493 -> XIIIa-10, FI0.4a; XHId- 
2.2 

#0532 —» XIIa-B:17 
#0544 -> XVII-5 
#0545 -> X-F5.2.7 
#0546 —» XV-3:176 
#0547 -> XIIId-1.1 
#0548 -> XIIIa-10, F10.5a-e; 

XIIId-1.1; XV-1:29 and 31, 3:63 
#0549 -> XIIIa-F 10.6d 
#0550 = #137 bis -> XIIa-B:14, 
FB6 

#0555 —» XV-3:104, FI 1 
#0558 -> XIIId-1.1; XV-3:63; 
XVI-3, A 

#0568 -> XIIa-C:2, FClc 
#0589 -> XVI-2, A 
#0621 -> XIIId-1.1; XV-3.20, 3:88 
#0634 -> XIIa-B:17, FB8 
#0640 -> XIIb-15:3, A; XIIIa-10, 
F10.6a-b; XIIId-l:26; XV-1:29, 
1:41-42; XVI-12:68 
#1026 -> XIIIb-1.2, 1.5; XIIIc- 
1.1, 12.3; XVI-4, A 
#1030 -> XVI-4, 4:25 
#1042 —» XIVc-0:16 
#1051 —» X-F10.9d 
#1077 -> XV-3.6, 3:124; XVII-2 
#1079 -> XVI-A 


#1089 -> XIVf-3 

#1099 -> XIVa-A2:l; XV-3.19; 

XVI-7, A 
#1120 —» XIVf-3 
#1130 -> XIIb-9:6, B; XIIIc-3.2 
#1131 -> VIb-F8.2; XIIa-8:12 
#1139 —» XVI-4, 7, A 
#1148 -> XIIa-15:2; XV-1:24 
#1167 = #0123 

#1177 -> X-F4.1.2, F4.4.2; XIIIc- 
Al:4 

#1179 -> XIIa-B:4, FB2, Xllb- 
9:4, B; XIIIb-1.2; XIIIc-4; 

XVI- A 

#1203 -> X-F5.2.6 
#1204 -> XIVb-6.2 
#1207 —> XIIb-15:14, B 
#1211 -> X-F1.5; XIIIc-Al:4 
#1216 —» XVI-5 

#1222 —» X-F6.3.1; XI-11.2, 11:3 

#2006 -> XIIa-8:4 

#2027 -> XVII-3 

#2041 -> XIIIc-9, F9n; XV-3:205; 

XVII- 3 

#2072 -> XIIb-6:16 
#2079 —» X-F6.5.1 
#2110 = #5506 
#2111 =#5512 
#2502 —» XI-F 11.3d 
#2505 -> XIIa-FB4; XVII-1 
#2527 -> XV-3.9; XVI-5, 6, 7, 

F7.1, 9; XVI-7, A 
#2529 -> XIIIb-1.2; XIIIc-1.2 
#2557 -> X-F4.1.1, F4.7.3; XIIIc-9 
#2572 -> XV-3.20; XVI-3, 7, A 
#2708 -> XIVf-4:l 1; XVII-1 
#2710 —> XIIIa-6; XIVd-4, 4:3 
#3000 —» XIIa-12:6, F12e 
#3042 -> XIIa-B:l 1; XIIb-l:5, 
14:12, B; XIIIa-9; XIIId-2.7; 

XV- 1:17, 1:41,3.7,3.13,3.25, 
3:176, 4.4, 4:288; XVI-5, 7, A 

#3053 -> XIVb-F7c; XV-1:21, 
1:30,3.7, 4:288 
#3463 -> XV-4:288 
#3501 -> XIIIb-1.2; XIIIc-3.1; 

XVI- A 

#3522 = #4180 
#3527 = #4180 

#3532 -> XIIIa-6, F6.1a-d; XIIIc- 


Al:4 

#3549 = #109 

#3550 -> XIIIa-F5.1a-b, 10:112, 
F10.9a 

#3560 —» XVI-5, 10 
#3579 —» XIIId-1.3 
#3595 -> XIVd-1, FI.1-7; XV-3.29 
#3622 —» XV-1:23, 1:31;XVI-1 
(quote), 3, 4, 7, 10, A; XVIII 
preamble, FI-2 
#3633 —» X-F5.3.1, F6.1.2; 

#3643 -> XIVc-2:2 

#3650 -> XV-3.28; XVI-5, 7, 10, A 

#3657 —» XVIII-1.4.8* 

#3670 —» XIIb-15:15, F15g 
#3702 -> XHIb passim ; XVI-2, A 
#3713 —» XIIIc-8.2 
#3765 —» XIVc-0:16 
#3800 -> XIIIa-10:106, F10.8 
#3904 = #4180 
#3906 —» XV-3.20 
#3915 -> XV-1:26, 3.7, 3.9, 3:176, 
3.20, 3.25, 3.29, 4.4; XVII-3 
#3919 = #4180 
#3922 -> XIIIa-6, F6.2a-g 
#3923 -> XIIIa-6, F6.3a-d; XlVd- 
0, 0:3 

#4001 -> XIVa-A2:2 
#4020 -> XIIIb-4; XVI-A 
#4021 -> XIIIc-12.1; XIVg-Fl-3, 
5; XVI-A 

#4022 -> XIIIc-7; XVI-4 
#4023 =#1130 

#4024 -> XIIa-B:l 1; XIIIa-9, 
F9.2a-b; XVI-A 
#4025 -> XVI-A 
#4026 -> XIVb-3.1 
#4027 -> XIVb-3.2 
#4029 -> XIVa-Al 
#4030 -> XIIIb-1.2; XIIIc-1.3; 
XVI-A 

#4031 -> XIIIc-8.1 
#4033 —> X-F5.1.3 
#4036 -> XIIb-9:6, B; XIIIc-3.2; 
XV-F18a-b 

#4037 -> Vla-Fl 1.1; XIVb-5.2 
#4038 -> V-F9.4; XIVb-7* 

#4040 -> XVI-5, 7, 8, 9, 11, A 

#4041 —» XIVf-4:l 1 

#4042 -> X-F5.4.4a-c; XVI-2, F2 
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#4046 -> XV-4.5 
#4050 —> XIVc passim 
#4054 -> XIIa-10:2 
#4131 —> XIIa-B:5, FB3 
#4143 -> XIIIa-5, 5:55; XIVf-4; 
XlVg 

#4148 -> X-F4.3.2 
#4150 —» X-F4.4.1a-b 
#4151 —> XIVd-3, F3a-b 
#4160 —» XIVc-0:16 
#4164 —» XIVb-7 
#4170 —> XIVa-A2 , FA2a-d 
#4180 -> XIIIb-3.2; XIIIc-5; 
XVI-A 

#4182 -> XV-3.8, F13a-b, 3.9, 

3.10, 3.25 

#4183 —» XIIIa-F7.1 
#4199 —» XIIIb-3.17; XIIIc-Al 
#4201 -> XIIId-1.4; XlVg; XVII- 
1 

#4203 -> X-F4.1.6, F4.5.4 
#4217 —» XV-3.25, 3:213a 
#4218 —> XIVe-2 
#4220 -> XIIIa-10:107 
#4225 -> X-F4.5.5 
#4299 -> XIIIa-6; XIVa-4, F4.2 
#4300 -> XIIIa-6; XV-3.17, 3:182; 
XVI-7 

#4301 -> XIVf-2, 2:1 
#4303 -> X-F4.1.5; XIIa-B:16, 
FB7 

#4304 -> XIIIa-l:39; addenda to 
vol. 1, Vile, also FI 
#4305 -> XIVd-5; XVII-F1.9d 
#4307 -> XV-3.29, 3:253, F19 
#4506 -> XIIIa-10, FI0.4b; XV- 
1:29 

#4507 -> X-F4.1.4; XIIId-2.7 

#4508 -> XVII-3 

#4509 -> XIIId-1.1; XV-3.20, 

3:63; XVI-3, A 
#4510 —> XIIb-15:7, A 
#4518 —» XVI-12:71, F12.2 
#4523 -> XIIId-1.1; XV-1:29 and 
30,3:177, 4.4; XVI-12:68 
#4524 -> XIVc F5c 
#4536 -> XVII-5 
#4546 -> XIIb-9:9, F9c, B 
#4551 -> XIIIa-F3.1b 


#4556 -> XHIa-10:84, FlO.la-b; 
XIIId-1.1 

#4560 -> XV passim ; XVI-4, A; 
XVII-3 

#4561 —» XV-3:91 

#4570 —» XIIa-14:2, F14b 

#4580 -> XIIb-15:13, F15f, B 

#5001 -> XIIIc-13 

#5002 -> XIIIc-A2 

#5003 —» X-F6.4.1 

#5005 -> XIVb-6.1 

#5009 -> V-F9.2; X-F1.6; F6.1.3 

#5010 -> V-F9.3; XI-8.2:14, F8.2e 

#5012 —» XIVb-10 

#5021 -> X-F6.4.2; XIIa-ll:2, 

FI la 

#5022 -> X-F6.4.3 
#5152 —» X-6.3.4 
#5501 —» XIIa-13:l, F7c 
#5502 -> X-F6.2.1; XIIa-7:l 
#5503 —> XIIa-F2c; 7:1 
#5504 —» XIIa-7:l 
#5505 -> XI- F10.2a-b; XIIa-7:2 
#5506 -> XIIa-8:3, F8a 
#5507 -> XI-F10.3a-b; XIIa-8:3 
#5508 -> XIIa-8:3 
#5509 -> XIIa-8:3 
#5510 -> X-F6.3.3; XIIa-8:3 
#5511 —» XIIa-8:3 
#5512 —» XIIa-8:3 
#5513 —» XIIa-8:3 
#5515 —» XIIa-F7a 
#5521 -> XIIa-13:2; XIIb-l:5, 6:7, 
B 

#5522 -> XIIa-13:2 and 3; Xllb- 
1:5, 6:7, B 

#5523 -> XIIa-13:2; XIIb-l:5, 6:7, 
B 

#5524 -> XIIb-10:4, F10c-d, A 

#5543 —» XI-F11.3a 

#5550 —> XIIb-14:16, B 

#6001 —» X-F3.1 

#6002 -> X-F3.3 

#6003 -> X-F3.2a-b 

#6133 —» X-F3.4 

#7301 —» X-F7.2.1 

#7303 -> X-F7.2.2 

#7308 -> X-F7.2.3 

#7315 —> IV-F7.4a-b; XI-6.2:9; 


XIIb-14:3, B; XIVb-1 
#7316 —» X-F7.1.4 
#7317 —» X-F7.2.5 
#7318 —» XIVb-8.1 
#7319 —» XIVb-8.2 
#7341 -> IV-F5.2; X-F7.2.6 
#7342 -> X-F7.2.7 
#7352 —» VIa-F15.2 
#7353 -> X-F7.2.9 
#7354 —> XI-6.1 
#7381 —> XIVf-F4 
#7383 -> III-F10.3 
#7399 -> XI-6.2:6 
#7510 —» X-F7.2.10 
#8001 —» X-F5.5.1 
#8005 —> X-F9.3.1a-d 
#8006 -> X-F9.3.3a-b 
#8007 -> X-F9.3.4 
#8010 —> VIb-F14.1 
#8022 —» X-F1.7 
#8024 -> VIIc-1, Fla; X-9.5, 
F9.5.1 

#8025 -> VIIc-1; X-9.5; addenda 
to vol. 1, Vile, also F2 
#8026 -> XIVb-9 
#8042 —» II-F3.16 
#8060 —» X-F9.4.1 
#8093 —» X-9.6.1a-b 
#8105 —» X-F4.2.2 
#8150 —> VIIc-3; X-9.5 
#8500 -> VIII-3, F3.3; XIIb-15:2, 
B 

#8501 -> XIIa-8, 8:8; XIIb-13, 
13:1, F13a-d, A 

#8507 -> XIIb-10:16, FI Oh, A 
#8512 —» XIIb-15:9, F15c, A 
#8513 =#5524 
#8531 -> XIIb-l:4, F2a-b, A 
#8532 -> XIIa-7:6; XIIb-l:4, F2c- 
d, 6c, 10, 10:2, A 
#8533 —> XIIb-3:14, 10:9, A 
#8534 —» XIIb-FlOe, A 
#8535 -> XIIb-A 
#8536 -> XIIb-2:8, F2e-f, A 
#8537 -> XIIb-2:8, F2g-h, F7a-c, 
F9a-b, A 

#8538 -> XIIb-2:8, F2i, A 
#8539 -> XIIb-A 
#9001 =#101 


INDEX OF INSTRUMENTS FEATURED IN XVIII 


Notes: This list should be used in conjunction with the preceding Index of instruments featured in 
the text. For abbreviations of locations see XVIII. The makers of signed instruments are listed 
together with the # numbers in the Index of persons. 


#0002 Byzantine astrolabe dated 1062—Brescia MEC 1.1.1 

#0003 astrolabe by Ahmad and Muhammad, sons of Ibrahim al-Isfahanl dated 374 H—Oxford MHS 1.2.11 

#0004 astrolabe by Hamid ibn Mahmud al-Isfahanl dated 547 H—Point Lookout LC 1.4.4 

#0005 astrolabe with gear mechanism by Muhammad ibn Abl Bakr al-Rashidl al-Ibrl (or al-Ibarl) al-Isfahanl 

dated 618 H (also #8004)—Oxford MHS 1.4.7a 

#0006 astrolabe by c All ibn Ibrahim known as Ibn al-Shatir dated 726 H—Paris OBS 1.5.17a* 

#0007 rete and plates attributable to Muhammad ibn Ja c far ibn c Umar al-Kirmanl known as Jalal on the Oxford 

astrolabe of c Abd al-Karlm al-Misrl (see #0103 for the mater)—Oxford MHS 1.4.13b 

#0012 astrolabe by Mukhlis ShirwanI dated 891 H and dedicated to the Ottoman Sultan Bayazld II—Cairo MIA 1.4.15 

#0015 astrolabe by Ja c far ibn c Umar al-Kirmanl dated 774 H—Washington NMAH 1.4.12c 

#0016 astrolabe by Ja c far ibn c Umar al-Kirmanl dated 790 H—Calcutta IM 1.4.12d 

#0030 unsigned astrolabe in the tradition of Shams al-Dln—Saffar with qibla markings on the back—Oxford 

MHS 1.4.18b 

#0057 unsigned Iranian astrolabe dated 1202 H—Washington NMAH 2.1.7 

#0067 astrolabe by Mahmud ibn c All ibn Yusha c al-...x-r-y [= al-Tabari ?] dated 669 H (Prof. Wilsons astrolabe)— 

PLU 1.4.8 

#0070 astrolabe by c All ibn Twad al-Mahmudl dated 1020 H—Washington NMAH 2.3.1b 

#0099 astrolabe by Ahmad ibn Khalaf—Paris BNF 1.2.4 

#0100 mater by Hamid ibn c All (al-Wasitl) dated 343 H—Palermo MN, stolen 1.2.9a 

#0101 the so-called Astrolabe of Pope Sylvester II: an unsigned undated Abbasid astrolabe with later additions by a 

European—Florence MSS 1.2.7 

#0102 safiha zarqalliyya dated 695 H—London VA 1.5.1 lb 

#0103 mater by c Abd al-Karlm al-Misrl dated 625 H (for the rete and plates see #0007)—Oxford MHS 1.5.4a 

#0104 astrolabe by c Abd al-Karlm al-Misrl dated 638 H—London BM 1.5.4b 

#0105 unsigned Ayyubid astrolabe from Egypt—London BM 1.5.5 

#0106 safiha shakkaziyya by Ibrahim al-Dimashql dated 669 H—London BM 1.5.6 

#0107 instrument with Arabic and Coptic inscriptions by Hasan ibn c All dated 681 H—Oxford MHS 1.5.8 

#0108 An astrolabe by Shams al-Dln Muhammad Saffar dated 886 H—Oxford MHS 1.4.17d 

#0109 astrolabe by the Yemeni Sultan al-Ashraf c Umar ibn Yusuf dated 690 H (= #3549)—-New York MMA 1.5.12a 

#0109+ solitary Abbasid plate (in #109)—-New York MMA 1.2.14*b 

#0110 unsigned, undated early Andalusl astrolabe—London BM 1.3.2 

#0111 astrolabe by Hamid ibn Khidr al-Khujandl—Kuwait PC 1.2.10 

#0112 astrolabe by Awhad al-Awhadl dated 890 H—London BM 1.4.19a 

#0116 astrolabe by Muhammad ibn al-Saffar dated 420 H—formerly Marburg WDB, now Berlin DSB 1.3.3b 

#0117 astrolabe by Ibrahim ibn SaTd ibn Asbagh al-Ansarl thumma al-Sahll al-MawazInl dated 459 H—Madrid 

MAN 1.3.5a 

#0118 astrolabe by Ibrahim ibn SaTd ibn Asbagh al-Ansarl thumma al-Sahll al-Mawazlnl dated 460 H—Oxford 

MHS 1.3.5b 

#0121 astrolabe by Ibrahim ibn al-Sahll dated 478 H—Kassel SS 1.3.6 

#0122 astrolabe by Muhammad ibn Abi T-Qasim al-Isfahanl al-Salihanl dated 496 H—Florence MSS 1.2.12 

#0123 astrolabe by Ibrahim ibn SaTd ibn Asbagh al-Ansarl thumma al-Sahll al-Mawazlnl dated 463 H—Rome OBS 1.3.5c 
#0124 astrolabe by Abu Bakr ibn Yusuf dated 605 H—Strasbourg OBS 1.6. lb 

#0125 astrolabe by Abu Bakr ibn Yusuf dated 615 H—PLU, formerly Baron de Larrey 1.6.1e 
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#0127 mater by Muhammad ibn Fattuh al-Khama 3 irt of Seville dated 609 H—PLU 1.6.2a 

#0128 saflha by Muhammad ibn Fattuh al-KhamaTrl of Seville dated 615 H—Paris BNF 1.6.2d 

#0129 astrolabe by Muhammad ibn Fattuh al-KhamaTri of Seville dated 618 H—Oxford MHS 1-6.2g 

#0130 astrolabe by Muhammad ibn Fattuh al-Khama 3 irI of Seville dated 621 H—Oxford MHS 1.6.2k 

#0132 astrolabe by Ahmad ibn Husayn ibn Baso dated 694 H—Madrid RAH 1.6.6a 

#0134 unsigned Egyptian astrolabe with unusual features including a Maghribi-style rete and a shakkaziyya- type 

projection for [Cairo]—Delhi AM 1.5.9 

#0134A = #3640 

#0136 astrolabe by Ibrahim ibn Muhammad ibn al-Raqqam—Madrid RAH 1.6.8 

#0137 astrolabe with a rete decorated with circus figures by al-Sahl al-Nlsaburl—Nuremberg GNM 1.5.1* 

#0139 unsigned, undated astrolabe in the tradition of al-Khama 3 irl with a saflha shakkaziyya on the back—Oxford 

MHS 1.6.15b 

#0140 quintuply-universal astrolabe by Ahmad ibn Abl Bakr ibn al-Sarraj dated 729 H—Athens BM 1.5.14a 

#0141 = #5006 

#0142 astrolabic plate by c All ibn Ibrahim known as Ibn al-Shatir dated 733 H—Paris BNF 1.5.17c 

#0144 astrolabe by Ahmad ibn Husayn ibn Baso dated 704 H—Point Lookout LC 1.6.6b 

#0148 astrolabe by c All and Muhammad al-Azdl dated 950 H (The Valdagno Astrolabe)—Rome OBS, stolen 1.6.19 

#0150 =#153 

#0153 astrolabe by Muhammad ibn Fattuh al-Khama 3 irI of Seville dated 634 H—Chicago AP 1.6.2m 

#0154 astrolabe by Muhammad ibn Yusuf ibn Hatim dated 638 H—Chicago AP 1.6.3 

#0154 solitary early Andalusl plate—Chicago AP 1.3.11 e 

#0460 astrolabe of the “Fusoris”-type reworked by a Syrian or Egyptian in the 19 th C—Antwerp NSM 2.2.4 

#1009 Byzantine markings on an Abbasid plate—-New York MMA 1.1.2a 

#1026 solitary Abbasid plate—Oxford MHS 1.2.14*e 

#1026 undated astrolabe by Khaflf—Oxford MHS 1.2.3a 

#1030 fake astrolabe signed by “Yusuf ibn Hajjl al-Jllani” and dated 927 H—Greenwich NMM) 

#1031 astrolabe by Yusuf ibn Hajjl al-Jllani dated 929 H—Greenwich NMM 2.1.2a 

#1033 fake astrolabe signed by Ja c far ibn c Umar al-Kirmanl and dated 757 H—Greenwich NMM 1.4.12f 

#1040 astrolabe by Mahmud ibn Shawka al-Baghdadl dated 694 H—Greenwich NMM 1.4.10b 

#1042 astrolabe by al-Siraj al-Dimashql dated 628 H—Greenwich NMM 1,5,3c 

#1057 rete and set of plates attributable to Abu Bakr ibn Yusuf—London SM 1.6. lg 

#1059 astrolabe by Mustafa Ayyubl dated 1114 H—London SM 2.3.7c 

#1061 unsigned astrolabe in the tradition of Abu Bakr ibn Yusuf dated 779 H—Rome OBS, stolen 1.6.13 

#1063 mater and plates by Shams al-Dln Muhammad Saffar dated 878 H—Brussels MRAH 1.4.17a 

#1064 astrolabe by Ibrahim al-Muftl dated 1120 H—Liege MVW 2.3.8 

#1065 late unsigned Egyptian astrolabe—Antwerp NSM 2.2.2 

#1069 astrolabe attributable to Ab Bakr ibn Yusuf, reworked by a European with makers name and date obliterated— 

Madrid IVDJ 1.6.If 

#1071 saflha zarqalliyya by Muhammad ibn Muhammad ibn Hudhayl dated 650 H—Barcelona RACA 1.6.4 

#1077 astrolabe by c Uthman ibn Abdallah al-Saffar dated 699 H—Florence MSS 1.6.5 

#1079 undated astrolabe by Ibrahim ibn Abd al-Karlm—Palermo MN, stolen 1.3.4b 

#1081 saflha by Muhammad ibn Fattuh al-Khama 3 irl of Seville dated 613 H—Rome OBS, stolen 1.6.2b 

#1089 undated astrolabe by Allah-Dad—Oxford MHS 

#1090 astrolabe by Abu Bakr ibn Yusuf dated 613 H—Toulouse MPD 1.6.1 d 

#1099 astrolabe by Ahmad ibn Muhammad al-Naqqash dated 472 H—Nuremberg GNM 1.3.9 

#1100 unsigned, undated astrolabe related to Ahmad ibn Husayn ibn Baso—Vienna TM 1.6.6d 

#1120 astrolabe by Ilah-dad dated 975 H—Hyderabad SJM 2.6.1a 

#1121 astrolabe by Ahmad ibn Muhammad ibn Harun al-Hadabl dated 728 H—Fez DB 1.6.10 

#1122 astrolabe by Ya c qub ibn Musa Tapiero supposedly dated 716 H (but more probably 1016 H)—Morocco PC 1.6.21 

#1131 astrolabic plate by All ibn Ibrahim known as Ibn al-Shatir dated 733 H—Cairo MIA 1.5.17b 

#1136 astrolabe by Shams al-Dln Muhammad Saffar dated 882 H—Cairo MIA 1.4.17c 

#1139 astrolabe by Muhammad ibn SaTd al-Sabban dated 466 H—Munich BNM 1.3.7a 

#1147 astrolabe by Muhammad ibn Fattuh al-Khama 3 irl of Seville dated 615 H—PLU, formerly Cairo PC 1.6.2e 

#1148 astrolabe by Muhammad ibn Fattuh al-Khama 3 irI of Seville dated 628 H—Cairo MIA 1.6.21 
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#1160 Marcels Egyptian astrolabe: an unsigned, undated astrolabe in the tradition of al-KhamaTrl with a safiha 
shakkaziyya on the back—PLU 

#1161 astrolabe by Ahmad ibn c All al-Sharafl dated 729 H—Stockholm SSM 
#1167 = #123 

#1168 mater and plates dated 849 H—Istanbul TIEM 

#1177 astrolabe by Muhammad ibn Hamid ibn Mahmud al-Isfahanl 

#1178 astrolabe by c All ibn Muhammad ibn 'Abdallah ibn Faraj dated 910 or 1010 H (= #2571?)—Karachi UC 

#1179 undated astrolabe by Muhammad ibn Shaddad (al-Baladl)—PLU, formerly Berlin PC 

#1186 astrolabe by Shams al-Dln Muhammad Saffar dated 882 H—Cambridge WMHS 

#1188 astrolabe by Ahmad ibn 'Umar al-Kabbl dated 933 H—Cambridge WMHS 

#1203 astrolabe by Ahmad ibn Husayn ibn Baso dated 709 H—PC 

#1204 astrolabe by al-Husayn ibn 'All dated 709 H—Cambridge WMHS 

#1204+ astrolabic plate by Muhammad ibn Ahmad al-MizzI dated 734 H (inside #1204)—Cambridge WMHS 
#1205 mater by Ja'far ibn 'Umar al-Kirmanl dated 755 H—Paris IMA 

#1211 astrolabe by Muhammad ibn Hamid ibn Mahmud al-Isfahanl dated 558 H—Tehran MIB 
#1218 astrolabe by Mustafa Ayyubl dated 1110 H—Paris PC 

#1222 astrolabe by 'Abdl dated 1125 H—Oxford MHS 

#2505 astrolabe by Shams al-Dln Muhammad Saffar dated 911 H—Oxford MHS 
#2527 astrolabe by Muhammad ibn SaTd al-Sabban dated 474 H—Oxford MHS 
#2529 solitary Abbasid rete—Oxford MHS 

#2529 solitary rete by Khaflf—Oxford MHS 

#2537 unsigned mater and plates (13 th -century al-Iraq?) with a later Ottoman rete—Oxford MHS 
#2557 astrolabe in the tradition of al-Khujandl by Badr (ibn 'Abdallah), mawla of Hibatallah, dated 525 H— 
Chicago AP 

#2567 astrolabe by Rida Khalil Banna 3 dated 1067 H—Washington NMAH 
#2568 astrolabe by al-Hasan ibn Ahmad al-Battutl dated 1103 H—Washington NMAH 
#2571 astrolabe by 'All ibn Muhammad ibn 'Abdallah ibn Faraj dated 910orl010H(= #1178?)—Washington 
NMAH 

#2572 astrolabe by Muhammad ibn al-Sahll dated 483 H—Washington NMAH 
#2572 solitary early AndalusI plate—Washington NMAH 
#2605 mater by Ja'far ibn 'Umar al-Kirmanl dated 790 H—Chicago AP 
#2701 astrolabe by Muhammad ibn Fattuh al-Khama 3 irl of Seville dated 614 H—Fez DB 
#2707 astrolabe by al-Hasan ibn Ahmad al-Battutl dated 1097 H—Point Lookout LC 
#2708 anomalous astrolabe in the tradition of al-Khujandl by Wafa 3 -yi Munajjim and dated 1017 H—Point 
Lookout LC 

#2709 astrolabe by Abu Bakr ibn Yusuf dated 610 H (?)—Rabat KO 

#2710 astrolabe by Muhammad ibn Ja'far ibn 'Umar al-Kirmanl known as Jalal dated 796 H—Fez MA 
#3501 astrolabe by (Muhamad ibn 'Abdallah known as) Nastulus dated 315 H—Kuwait DAI 
#3532 undated astrolabe by Muhammad ibn Hamid ibn Mahmud al-Isfahanl—London AG 
#3533 replacement rete and plates by Ahmad Ayyubl dated 1097 H made for an astrolabe mater by Mahmud ibn 
Shawka al-Baghdadl (#3534)—Paris IMA 

#3534 mater by Mahmud ibn Shawka al-Baghdadl dated 706 H (see #3533 for the rete)—Paris IMA 
#3539 astrolabe by Ibrahim ibn Muhammad al-BalawI dated 1097 H—Paris IMA 
#3541 astrolabe by Mustafa Ayyubl dated 1115 H—Paris IMA 
#3549 = #109 

#3551 unsigned astrolabe for Seville in the tradition of al-Khama 3 irI—Naples MC 
#3552 astrolabe by Muhammad ibn Faraj of Granada dated 881 H—Naples MC 
#3579 universal myrtle astrolabe by 'All ibn Ibrahim al-Jazzar dated 728 H—Oxford MHS 
#3595 astrolabe by Muhammad ibn Ja'far ibn 'Umar al-Kirmanl known as Jalal dated 830 H and dedicated to 
[Ulugh Beg]—Copenhagen DS 

#3622 unsigned AndalusI astrolabe dated 446 H—Cracow JM 

#3628 astrolabe in the tradition of Ja'far ibn 'Umar al-Kirmanl attributed to Gharlb (??)—Toronto ROM (?) 

#3633 Zij al-Safaih , astrolabic zlj, by Hibatallah dated 514 H—formerly Munich PC, now Berlin MIK 

#3633 = #8003 
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#3640 Dr. Knuthsens astrolabe (Gunthers 134A): an unsigned, undated astrolabe in the tradition of al-KhamaTrl 

with a safiha shakkaziyya on the back—PLU 1.6.15f 

#3650 mater and plates by Muhammad ibn al-Saffar dated 417 H—Edinburgh RSM 1.3.3a 

#3650 rete on the Edinburgh astrolabe of Muhammad ibn al-Saffar—Edinburgh RSM 1.3.1 lb 

#3657 asatrolabe mater by Mahmud ibn c All al-Tabari dated 675 H—PLU 1.4.8* 

#3660 astrolabe by Ja c far ibn c Umar al-Kirmanl dated 751 H—Paris PC 1.4.12a 

#3702 early Abbasid astrolabe, modified in Ottoman times and bearing the name Ahmad ibn Kamal—Baghdad AM 1.2.1 

#3705 astrolabe by c Ali ibn Twad al-Mahmudl dated 1006 H—Kandilli OBS 2.3.1a 

#3712 astrolabe by c All al-Za'tarl dated 1082 H—Kandilli OBS 2.3.3 

#3713 later rete on the Cairo astrolabe of Hamid ibn c All—Cairo MIA 1.2.14*d 

#3713 undated mater by Hamid ibn c All (al-Wasitl)—Cairo MFI 1.2.9b 

#3714 mater by Ibrahim ibn c Abd al-Karlm dated 458 H—Fez MA 1.3.4a 

#3765 astrolabe by al-Siraj al-Dimashql dated 626 H—Rampur SL 1.5.3b 

#3804 astrolabe by al-Hasan ibn Ahmad al-Battutl dated 1106 H—Cairo MIA 2.4.1c 

#3805 = #3539 

#3901 unsigned rete and a plate in the tradition of al-KhamaTri—Venice MN 1.6.14b 

#3922 astrolabe by Muhammad ibn Ahmad dated 588 H, reworked by Muhammad Khalil in 1110 H—Frankfurt 

IGN 1.4.6 

#4001 mater and plates by Muhammad ibn Fattuh al-Khama 3 in of Seville dated 621 H—Washington NMAH 1.6.2j 

#4020 early Abbasid astrolabe, badly corroded—London AG 1.2.1* 

#4021 solitary Abbasid plate with ogival markings—Copenhagen DS 1.2.13 

#4022 An unsigned Abbasid mater and plates—London SM 1.2.8 

#4022 later rete and plate attached to an unsigned Abbasid astrolabe—London SM 1.2.14*c 

#4023 An undated mater by (Muhamad ibn 'Abdallah known as) Nastulus—Cairo MIA 1.2.2b 

#4024 astrolabe by Khalaf ibn al-Mu'adh illustrated in a Latin manuscript—Paris BNF (lat. 7412) 1.3.1 

#4025 solitary early AndalusI plate—Palermo MN 1.3.11 d 

#4025 solitary plate attributable to Muhammad ibn al-Saffar—Palermo MN 1.3.3c 

#4026 undated safiha zarqalliyya by c All al-WadaT (see also #4027)—Rockford TM 1.5.1a 

#4027 early copy of undated safiha zarqalliyya by c All al-WadaT (#4026)—London AG 1.5.1b 

#4028 safiha shakkaziyya by 'Abdallah ibn Yusuf dated 693 H—Kuwait PC, stolen 1.5.11a 

#4029 unsigned, undated Rasulid astrolabe—Paris IMA 1.5.13 

#4030 undated astrolabe by Khaflf illustrated in a set of 16 th -century Italian drawings—Florence GU 1.2.3c 

#4031 solitary rete and plate by Muhammad ibn Abl Bakr al-Rashidl al-Ibarl al-Isfahanl—London NG 1.4.7b 

#4033 astrolabic plate by c Umar ibn Dawlatshah al-Kirmanl dated 726 H—Point Lookout LC 1.4.11 

#4034 astrolabe by Mahmud ibn Jalal al-Kirmanl dated 838 H—Chicago PC 1.4.14b 

#4035 astrolabe in the tradition of Shams al-Dln Saffar (and in the tradition of al-Khujandl) signed by Muhammad 

ibn Khidr al-Asturlabl and dated 667 H—London AG 1.4.18a 

#4036 astrolabe with Arabic and Coptic inscriptions by Hasan ibn 'Umar al-Naqqash dated 681 H—Istanbul TIEM 1.5.7 

#4037 unsigned mater from a standard astrolabe attributable to Ahmad ibn Abl Bakr ibn al-Sarraj—London NG 1.5.14b 

#4038 unsigned astrolabic plate for multiple latitudes—formerly Marburg WDB, now Berlin DSB 1.5.15 

#4039 universal astrolabe by Abu Bakr ibn Yusuf in the tradition of 'All ibn Khalaf dated 584 H mentioned in a 

medieval text—manuscript in Cairo ENL 1.6.1a 

#4040 some 1 l th -C AndalusI plates in a composite Ottoman astrolabe—PC 1.3.1 la 

#4041 mater by 'All ibn Ibrahim al-Jazzar dated 724 H—Geneva MHS 1.6.9a 

#4042 astrolabic clock of Fez, first made by Abu 'Abdallah Muhammad al-Habbak al-Tilimsanl in 685 H—Fez 

MSQ 1.6.12 

#4043 unsigned astrolabe in the tradition of al-KhamaTrl dated 785 H—Damascus AM 1.6.14c 

#4044 unsigned, undated astrolabe in the tradition of al-Khama 3 irI with a safiha shakkaziyya on the back— 

Rockford TM 1.6.15a 

#4045 unsigned, undated Maghribi astrolabe—Bouillon MB 1.6.15d 

#4050 astrolabe by 'Abd al-Rahman ibn Sinan al-Ba'labakkl dated 619 H—Istanbul DM 1.5.2 

#4052 astrolabe by Muhammad ibn Fattuh al-Khama 3 irl of Seville dated 620 H—Istanbul TIEM 1.6.2i 

#4053 astrolabe by Muhammad ibn Fattuh al-Khama 3 irl of Seville dated 618 H—Istanbul BTTM 1.6.2f 

#4054 mater and plates by Muhammad ibn Fattuh al-Khama 3 irl of Seville dated 619 H with a replacement rete 
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from the Arsenius workshop—PC 1.6.2h 

#4101 mater and plates by Mahmud ibn Shawka al-Baghdadl dated 684 H (see #4101+ for the rete)—Kandilli 

OBS 1.4.10a 

#4101+ replacement rete and plate by Ibrahim ibn Muhammad al-Balawl dated 1098 H for an astrolabe by 

Mahmud ibn Shawka al-Baghdadl (#4101)—Kandilli OBS 2.3.5b 

#4102 astrolabe by Ahmad ibn Hasan al-Husaynl dated 891 H—Kandilli OBS 1.4.16 

#4108 astrolabe by Ibrahim ibn Muhammad al-Balawl dated 1099 H—Kandilli OBS 2.3.5c 

#4125 astrolabe by c All Beg dedicated to al-Qadl Wall al-Mahmudl al-Ruhawl and dated 1040 or 1104 H— 

Istanbul PC 2.2.1 

#4130 composite astrolabe with a European mater and a set of plates and rete from al-Traq or Iran—Palermo BC 2.1.3 

#4131 degenerate astrolabe signed by Husayn ibn B-k-s (?) al-Rahaql in 913 H and displaying some unusual 

features—PLU, London Christies 1991 2.1.1 

#4132 degenerate astrolabe similar to #2708 signed by H-x-x (?) ibn al- c -f-w (?)—Washington SB 2.1.5 

#4133 unusual astrolabic plate for [Damietta]—Greenwich NMM 2.2.3 

#4148 undated mater by Muhammad ibn Fattuh al-Khama 3 irI of Seville—PLU 1.6.2n 

#4151 solitary plate attributable to Muhammad ibn Ja c far ibn c Umar al-Kirmanl known as Jalal—Istanbul TIEM 1.4.13d 

#4156 astrolabe by Awhad al-Awhadl dated 902 H—Haifa NMM 1.4.19b 

#4160 astrolabe by al-Siraj al-Dimashql dated 623 H—Hyderabad SJL 1.5.3a* 

#4164 undated astrolabe copied from one by al-Mizzl—Cairo MIA 1.5.16* 

#4170 unsigned, undated Yemeni astrolabe with a Maghribi-style rete—Cambridge, Ma., HCSI 1.5.13* 

#4180 undated astrolabe by al-Muhsin ibn Muhammad al-Tablb—Rockford TM 1.2.6 

#4181 astrolabe mater by Mahmud ibn c All al-Tabari dated 675 H (see Fig. 3)—PLU 1.4.8* 

#4183 astrolabe by al-Ahmar al-Nujuml dated 892 H and dedicated to the Ottoman Sultan Bayazld II—PLU) 1.4.15* 

#4184 The Imola Astrolabe: a late-13 th -C unsigned Andalusl / Maghribi astrolabe—Bologna ?? 1.6.15e 

#4199 astrolabe by Muhammad ibn Hamid ibn Mahmud al-Isfahanl dated 571 H—Kuwait DAI 1.4.5c 

#4201 universal astrolabe attributable to Jamal al-Dln ibn Muhammad Muqlm—London AG 2.6.” 

#4217 astrolabe by Muhammad ibn R- 3 -w-l (Zawal?) dated 886 H—Granada MA 1.6.17* 

#4299 astrolabe by Muhammad ibn c Abd al- c Azlz al-Khama 3 irl dated 624 H—PLU 1.6.2* 

#4301 monumental astrolabe attributable to Maqsud Harawl datable to the mid 16 th C—London NG 2.6.1* 

#4304 astrolabe by Muhammad Husayn ibn Muhammad Baqir dated 1058 H—PLU < Sothebys 2000 2.6.” 

#4305 astrolabe by Jalal al-Kirmanl dated 832 H—PLU < Drouot 1992 1.4.13d 

#4307 astrolabe by Mahmud ibn Jalal al-Kirmanl dated 833 H—PLU 1.4.14a* 

#4509 Byzantine single plate—PC 1.1.2b 

#5001 10 th -C horary quadrant for [Nishapur or the 4 th climate] by Muhammad ibn Mahmud—New York MMA 3.1.1 

#5002 horary quadrant for [Cairo] by Sa c du ibn c All al-Mu 3 adhdhin—Kuwait PC, stolen 3.2.1 

#5003 astrolabic quadrant by Shams al-Dln Muhammad ibn Ahmad al-Mizzl dated 727 H—London BM 3.2.2a 

#5004 astrolabic quadrant by Shams al-Dln Muhammad ibn Ahmad al-Mizzl dated 727 H—Cairo MIA 3.2.2b 

#5005 astrolabic quadrant by Shams al-Dln Muhammad ibn Ahmad al-Mizzl dated 730 H—Copenhagen DS 3.2.2c 

#5006 astrolabic quadrant by Shams al-Dln Muhammad ibn Ahmad al-Mizzl dated 734 H—St. Petersburg OI 3.2.2d 

#5007 astrolabic quadrant by Shams al-Dln Muhammad ibn Ahmad al-Mizzl dated 734 H—London BM 3.2.2e 

#5008 astrolabic quadrant by c All ibn al-Shihab dated 735 H—London BM 3.2.3 

#5009 astrolabic quadrant by Abu Tahir dated 741 H—Athens BM 3.2.4a 

#5010 astrolabic quadrants by Abu Tahir with illegible date—Dublin CBL 3.2.4b 

#5011 unsigned astrolabic quadrant for [Damascus]—Greenwich NMM 3.2.5 

#5012 astrolabic quadrant for Damascus by Muhammad al-SakasI al-JirkisI dated 1307 H—London BM 3.2.6 

#5013 astrolabic quadrant for [Damascus]—London SM 3.2.7a 

#5014 astrolabic and sine quadrant for Cairo by Muhammad Abi T-Fadl al-Falakl—Cairo ENL 3.2.7b 

#5015 astrolabic quadrant for [Damascus] by c Abd al-Muhsin ibn Salih Efendl al-Muradl, dated 1297 H— 

London NG 3.2.7c 

#5021 astrolabic quadrant for [Tunis] by Ahmad ibn c Abd al-Rahman al-Dahmanl, dated 854 H—Madrid MAN 3.3.1 

#5022 unusual quadrant for [Marrakesh] (late)—Chicago AP 3.3.2 

#5145 astrolabic quadrant for Aleppo by Shams al-Dln ibn Ghars al-Dln dated 967 H—Sothebys London 2005 3.2.5* 

#5151 quadrant with crescent astrolabic and winged markings on one side and a complete trigonometric grid on 

the other by c Arab Zade c Arif, dated 1117 H—Cairo ENL 3.4.5a 
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#5152 winged quadrant and multiple horary quadrant by Shukr Zade dated 1178 H—Cairo ENL 3.4.5b 

#5153 double horary quadrant for latitude [41 °] by c Ali, dated 1211 H—Cairo ENL 3.4.5c 

#5154 astrolabic quadrant for latitude 37° by Dudl (?) and an incomplete multiple horary quadrant by (?) 'Uthman 

Busnawi—PLU 3.4.5d 

#5155 unusual unsigned Ottoman quadrants with an astrolabic projection and two octants—Cairo ENL 3.4.6a 

#6001 globe signed by Ibrahim ibn SaTd al-Sahll al-Wazzan and his son Muhammad and dated 473 or 478 H— 

Florence MSS 5.IB.la 

#6002 globe by Yunus ibn al-Husayn al-Asturlabl dated 539 H—Paris IMA 5.1C.2 

#6003 globe by Qaysar ibn Abl T-Qasim ibn Musafir al-Ashrafl al-Hanafl dated 622 H—Naples MN 5.1C.3 

#6004 globe by Muhammad ibn Hilal al-Munajjim al-Mawsill dated 674 H—London BM 5.1C.4 

#6005 undated globe by Muhammad ibn Mu’ayyad al-'Urdl—Dresden SMPS 5.1C.5 

#6006+ globe by Muhammad ibn Mahmud al-Tabari al-Asturlabl dated 684 H—London NG 5.1C.6 

#6006 copy of the London globe by Muhammad ibn Mahmud al-Tabari al-Asturlabl also bearing the date 684 H— 

Paris ML 5.1C.6 

#6007 globe by Ja c far ibn c Umar ibn Dawlatshah al-Kirmanl dated 764 H—Oxford MHS 5.1C.8a 

#6008 globe by Ja c far ibn c Umar ibn Dawlatshah al-Kirmanl dated 785 H—Istanbul OBS 5.1C.8b 

#6034 globe attributable to Ibrahim ibn SaTd al-Sahll al-Wazzan ca. 475—Paris BNF 5.IB.lb 

#6059 globe by Badr ibn 'Abdallah Mawla Badl c al-Zaman dated 535 H—Tehran MIB 5.1C.1 

#6060 globe by c Abd al-Rahman ibn Burhan al-Mawsill dated 718 H—Oxford MHS 5.1C.7 

#6061 globe by Ja'far ibn 'Umar ibn Dawlatshah al-Kirmanl dated 813 H—Paris IMA 5.1C.8c 

#6062 globe by Ja'far ibn 'Umar ibn Dawlatshah al-Kirmanl dated 834 H—London BM 5.1C.8d 

#6133 unsigned globe datable to the 14 th century—Tartu EAS 5.1C.” 

#6134 horizon base of a celestial sphere by Ahmad al-Qarlml dated 1146 H—Istanbul DM 5.1C.” 

#6135 Ottoman globe—Istanbul RKM 5.1C.” 

#6136 frame of an Ottoman globe—Istanbul RKM 5.1C.” 

#7301 horizontal sundial by Ahmad ibn al-Saffar datable ca. 400 H—Cordova MA 4.2.1 

#7302 fragmentary unsigned Andalusl horizontal sundial with markings for the zodiacal signs—Cordova ALC 4.2.2a 

#7303 fragmentary unsigned Andalusl horizontal sundial without markings for the signs—Almeria MA 4.2.2b 

#7304 as #7303—Cordova MA 4.2.2c 

#7305 as #7303—Cordova MA 4.2.2d 

#7306 as #7303—Cordova MA 4.2.2e 

#7307 as #7303—Sagunt MA 4.2.2f 

#7308 degenerate Andalusl or Maghribi horizontal sundial—Granada MA 4.2.3 

#7308 as #7303—Medinat Azara MA 4.2.2g 

#7315 vertical sundial by Abu T-Faraj 'Isa dated 554 H—Paris BNF 4.3.1 

#7316 unsigned horizontal sundial for the Mosque of Ibn Tulun in Cairo, dated 696 H—destroyed 4.3.2 

#7317 horizontal sundial for Cairo by Khalil ibn Ramtash dated 726 H—London VA 4.3.3 

#7318 monumental horizontal sundial for the Umayyad Mosque in Damascus by Ibn al-Shatir, dated 773 H (see also 

#7319)—Damascus MSQ 4.3.4a 

#7319 copy of #7318 by Muhammad ibn Mustafa al-TantawI, dated 1293 H—Damascus AM 4.3.4b 

#7320 sundial by Ahmad al-Harlrl dated 785 H—Cairo MSQ 4.3.5 

#7321 vertical sundial—Jerusalem MSQ 4.3.6 

#7341 horizontal sundial for Tunis by Abu T-Qasim ibn Hasan al-Shaddad dated 746 H—Carthage MN 4.4.1 

#7342 column sundial by Ahmad ibn Muhammad al-Lamtl dated 747 H—Tlemcen MSQ 4.4.2 

#7343 sundial for Kairouan—Kairouan MSQ 4.4.3 

#7344 sundial from an oasis in Southern Tunisia—location unknown, MSQ 4.4.4 

#7351 unsigned Ottoman horizontal sundial—Diyarbekr MSQ 4.5.1 

#7352 polar dial by Ibrahim al-Faradl al-Kurdl dated 1201 H—Acre MSQ 4.5.2 

#7353 horizontal sundial made during the reign of Mehmet Khan ca. 1475, renovated by 'Abdallah Silahdar n 

1208 H—Istanbul TSM 4.5.3 

#7354 Ottoman cylindrical dial—Paris IMA 4.5.4a 

#7381 horizontal sundial from Hyderabad—Hyderabad MSQ 4.6.1 

#7382 horizontal sundial from Delhi displaying European influence—Delhi MSQ 4.6.2 

#7383 horizontal sundial based on the principles of folk astronomy from Java, dated 1722 CE—Gresik MSQ 4.6.3 
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#7399 Ottoman cylindrical sundial—Kandilli OBS 4.5.4b 

#8001 spherical astrolabe by Musa dated 885 H—Oxford MHS 5.2.1 

#8002 fragments of a spherical astrolabe from [Tunis]—Milan PC 5.2.2 

#8003 fragments of an equatorium on a zlj al-safaih by Hibatallah dated 514 H (on #3633)—formerly Munich 

PC, now Berlin MIK 5.3.1 

#8004 geared mechanism on an astrolabe by Muhammad ibn Abl Bakr al-FarisI (#5)—Oxford MHS 5.4.1 

#8005 sanduq al-yawaqlt , jewel-box, by c Ali (ibn Ibrahim known as) Ibn al-Shatir, dated 767 H—Aleppo IHAS5.5.1, 5.6.1 

#8006 plate from a jewel-box made by ( mubkiruhu ) Muhammad al-Jawharl for c Abd al- c Aziz ibn Muhammad 

al-WafaT in 847 H—Kandilli OBS 5.5.2 

#8007 equatorial dial by c All al-muwaqqit Abu T-Fath dated 1166 H—Kandilli OBS 5.5.3b 

#8008 unsigned Ottoman equatorial dial—Kuwait DAI 5.5.3c 

#8009 unsigned Ottoman equatorial dial—Damascus AM 5.5.3d 

#8010 equatorial dial by c Ali al-muwaqqit Abu T-Fath dated 1161 H—London NG 5.5.3a 

Note: For more qibla instruments see King, Mecca-Centred World-Maps , pp. 87-124. 

#8022 Ottoman qibla indicator by Muhammad Tzz al-Sabbagh—Paris IMA 5.6.3 

#8023 Safavid qibla indicator based on a crude geographical scheme—Oxford MHS 5.6.4 

#8024 unsigned, undated (late 17 th -C) Safavid qibla indicator featuring Mecca-centred world-maps based on a 
rectazimuthal cartographic projection and fitted with a European-type universal inclining sundial (see 
also #8025 and #8150)—Kuwait DAI 5.6.5a 

#8025 as in #8024, signed by Muhammad Husayn—Paris PC 5.6.5b 

#8026 ceramic compas bowl by Thabit in Damascus ca. 1520—Damascus AM 5.6.2 

#8028 Safavid disc displaying qibla values—Graz SLMJ 5.6.3* 

#8091 late Maghribi nocturnal—Oxford MHS 5.7.1 

#8092 late Iranian nocturnal—Oxford MHS 5.7.2 

#8093 unsigned Safavid annular scale—Oxford MHS 5.8.1 

#8094 late Iranian annular scale signed by c Ala 3 al-Dln—Chicago AP 5.8.2 

#8105 unsigned undated late Iranian template for making astrolabes—Oxford MHS 5.9.1 

#8150 as in #8024, signed by Hasan Husayn—Boston PC 5.6.5c 


ADDENDA AND CORRIGENDA TO 

IN SYNCHRONY WITH THE HEAVENS., 

VOL. 1: THE CALL OF THE MUEZZIN 

ADDENDA 

II-13.0: Since there is so little material available on astronomical timekeeping in al-Andalus, we 
should mention a new survey of this in Samso, “Social History of Science in al-Andalus”, pp. 
522-524, and also idem, “Medicion del tiempo en al-Andalus ca. 1000”. These studies should be 
consulted in conjunction with idem, “Astronomical Observations in the Maghrib”. 

IV : This study dealt mainly with the times of the zuhr, c asr and duha prayers. I was unaware that 
there was an early debate about the time of the maghrib : see Wasserstrom, “The Delay of the 
Maghrib: A Study in Comparative Polemics” (1984), which was kindly brought to my attention 
by Petra Schmidl (Frankfurt). On the topic of the Aramaic origin of the word salat (see pp. 597- 
598) my friend Professor Paul Kunitzsch kindly alerted me to the article listed as Spitaler, “Salat 
in der Koranischen Orthographie”. 

Vile: The maker of the second Mecca-centred world-map (B) signed himself “Muhammad 
Husayn”. In my book World-Maps for Finding the Direction and Distance to Mecca (pp. 255- 
274), I went to some trouble to try to identify this individual. One strong contender was Muhammad 
Husayn ibn Muhammad Baqir (al-)Yazdl, known from textual sources as an instrument maker. 
His father, Muhammad Baqir Yazdl, was the leading mathematician of Safavid Iran. 

Only in January, 2004, did I learn, from my friend Jacques van Damme, that an astrolabe, 
signed by Muhammad Husayn ibn Muhammad Baqir al-Yazdl and dated 1058 H [= 1647/48], 
with diameter 12 cm, had been auctioned at Sotheby’s of London on 21.09.2000 (lot 27): see 
Fig. 1. The instrument was described in the auction catalogue in a rather amateurish fashion: the 
distinctive rete, unique amongst Safavid astrolabes, was described as “restrained”; the stars were 
listed backwards; the gazetteer on the mater was mentioned only in passing (a single entry, carefully 
chosen, would have been useful); a shadow scale for base 23 (!!!) did not evoke comment; the fact 
that there was no plate for Isfahan or Yazd (!) was ignored; and the maker is labelled “probably a 
shi’ite” (!!). Worse, there was no illustration of the back or the signature or another partially 
erased inscription on the back. There was no indication of any resemblance of the signature to that 
of my Muhammad Husayn, which is illustrated in my book and reproduced again in detail here 
(Fig. 2), although all of the information presented in the auction catalogue on Muhammad Husayn 
ibn Muhammad Baqir al-Yazdl was taken from that book, and the possible identity of the two 
individuals was mentioned. Sotheby’s has informed me that no such photos were made, and that 
the instrument is no longer accessible. An illustration of the signature would have solved the 
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Fig. 1: The front of the newly-rediscovered astrolabe of Muhammad Husayn ibn Muhammad Baqir al-Yazdl (#4304), 
which could have provided the answer to the question whether or not this individual is identical to the maker of the 
world-map whose signature is shown in Fig. 2. Alas, no photos of the back of this astrolabe are available. [Photo 
courtesy of Sotheby’s of London.] 



Fig. 2: The signature of Muhammad Husayn on the second world-map (#8025). [Photo by the author, courtesy 
of the owner.] 












ADDENDA 


1063 


question whether my Muhammad Husayn was the same person as the man who made this astrolabe. 
All of this is, as the Arab cartoonists say, bidun tallq. 

IX: Perhaps the remarkable tables for timekeeping by the stars that I tentatively associated with 
Qandahar in 2001 were actually compiled for Basra, a possibility that I considered at the time 
but dismissed (see n. 18 on p. 894). The connection with Qandahar (or Kirman, which I also 
mentioned) rather than Basra was further strengthened by the fact that some of them were compiled 
by a man named al-Balkhl, from Balkh in C. Asia, although this in itself would not exclude al- 
Traq. Medieval Basra would not otherwise have been known for any astronomical activity.* As 
noted, I had considered Kirman, whose latitude was generally taken as 30°,** but no astronomical 
activity is known there until much later, when the al-Kirmanl family of astrolabists was active 
(see XIVd-2). 

Actually, given the events of 2003-04, it hardly matters whether my tables were for Qandahar or 
for Basra or for Kirman. The same tables would serve any of these cities, and my message is 
equally valid for them all. They will not serve any locality in Syria (an embargo was announced in 
May, 2004), but there are many other tables I could use for the next time. At the Medieval Iraq 
Study Day in the British Museum on May 15, 2004,1 suggested that we meet again soon for a 
Medieval Syria Study Day. Or maybe Iran will be next? 


The assertion in Kennedy & Kennedy, Islamic Geographical Coordinates, pp. xxxv and 473, that in the 
anonymous set of geographical tables preserved in MS Utrecht Or. 23 (14 th century), the longitudes are reckoned 
from the meridian of Basra, is incorrect. In Kennedy, “Islamic Mathematical Geography”, p. 189, it is withdrawn 
because no location is mentioned for the base meridian. In fact, no “base meridian” is intended other than the local 
meridian for which the solar, lunar and planetary tables are calculated. The table displays latitudes and longitude 
differences, the latter being zero for Abhar and Shamakha as well as Basra. Since the “Utrecht ” zlj is related to two 
zljes from N. W. Iran, the Shamil and Athirl Zlje s, the former anonymous and the latter by Athlr al-Dln al-Abhari, 
the meridian in question is most probably intended for Abhar. Furthermore, the latitude given for Basra in this 
source is given as 31;0°, whereas the tables I investigated were for latitudes 30;25° and ca. 30;0°, both attested in 
other early sources for Qandahar. 

Kennedy & Kennedy, Islamic Geographical Coordinates, pp. 187-188. The latitude 30;25° is not attested for 
Kirman. Its accurate latitude is 30° 18'. 



CORRIGENDA 


A list of errata was included in Vol. 1 after it had been printed and before it was released. In the 
case of several of those noted below, the errors were actually corrected, the corrections checked, 
and then—lo and behold!—they reappeared. The original errata are repeated here, new ones being 
asterisked. A plus sign indicates that the error is significant. 

++ The title of the volume should read: 

IN SYNCHRONY WITH THE HEAVENS 

Studies in Astronomical Timekeeping and Instrumentation 
in Medieval Islamic Civilization 

VOLUME ONE 

THE CALL OF THE MUEZZIN 
(STUDIES I-IX) 

To put it another way, the words “(STUDIES I-IX)” belong not to the main title of both volumes, 
but rather to vol. 1. 

* p. vii: The information in vol. 1 on the contents of vol. 2 is no longer valid 
p. xiv, para. 2,1. 14: for “book: they do” read “book. They do” 

+ p. xv, para. 2,1. 4: for “is it is” read “is it” 

+ p. xvi, para. 1,1. 9: the sentence beginning “Islamic science ... ” should not be indented 
+ p. xvi, para. 2,1. 9: for “al-Khwarizm” read “al-Khwarizml”. [Here the font let us down and the 
long vowels came out mangled. Last-minute instructions over the phone went something like: 
“Make the ‘a’ long and then make the ‘i’ long”, and this is what actually happened. Compare n. 11 
to Vile on p. 835.] 

+ p. xix, Part XHIe: for “as in” read “as “An Astrolabe from 14 th -Century Christian Spain with 
Inscriptions in Latin, Hebrew and Arabic—A Unique Testimonial to an Intercultural Encounter” 
in” 

* ++ p. xix: The information in vol. 1 on the previous publication of various parts of vol. 2 is 
upgraded in vol. 2 

p. xx, para. 1, end of 1. 2, insert as second sentence: “Some additional sources on instruments will 
be included in Vol. 2.” 

p. xxi, etc., header: for “ABBREVIATIONSS” read “ABBREVIATIONS” 
p. xxv, King, “Aspekte”: for “1993. [A new version” read “1993. A new version” 
p. xxxvi, 1. 2: for “to appear in AS • (200»).” read “AS 61 (2004), pp. 1-13.” 
p. xxxvi, 1. 10: for “GAS” read “GAS” 

p. xlii, “Michel, Scientific Instruments ... ”: for “London: •••, 1967.” read “London: Barrie & 
Rockliff, 1967.” 
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* p. xliii, under Nasr: for ““nsan” read “insan”. 

p. xlvi, Poulle, “Instruments astronomiques”, 11. 1-3: for “Moyen Age,” Museum. 1 st edn.” 

read “Moyen Age”, 1 st edn.” 

p. 1,1. 3 of entry for Schellerup: for “repr.s” read “repr.” 
p. lvii, Zinner, Verzeichnis : title should be in italics 

p. 65, caption to Fig. 2.3.5,1. 3: for “fols.” read “fol.” 
p. 67,1. 5: for “(No. 10.1)” read “(10.1)” 

p. 97, caption, 1. 2: for “degrees the sign” read “degrees of the sign” 
p. 168: only the left hand side of each image should have been featured here 

* pp. 173-174: the curious rectangular box appearing twice amongst the formulae was supposed 
to be a ± sign upside down 

p. 215, para. 1,1. 4: for “65r, 5700” read “65r, and 5700” 

* p. 229, last line of 2.9: for z' read Z 

* p. 378, last line, read: the functions are denoted by f and g , where 4> is the local latitude, 
p. 407, caption to Fig. 11.7,1. 2: for “fols. 87v-88r” read “fol. 87v” 

+ p. 534, para. 2,1. 3: for “Islamio” read “Islamic” 
p. 547,1. 3: read “pilgrim sets” 

* + p. 549, n. 15: read “al-Khatlb al-Baghdadl” 

* + p. 571, section 5.2, for al-Qasim ibn Hasan ibn al-Shaddad read Abu T-Qasim ibn Hasan al- 
Shaddad 

* p. 576, caption to Fig. 5.5, penultimate line: read “copyist’s” 

* p. 581, n. 3: read “century” 

* p. 585, n. 11: read “Professor” 

* p. 589, n. 14: for “Maba c at” read “Matba'at” 

* p. 590, n. 16: for “Maba c at” read “Matba'at” 

* p. 591, n. 23: for “Maba c at” read “Matba'at” 

* p. 593, n. 30: for “Makta-baf ’ read “Maktabat” 
p. 598, n. 10, for “Schrieke.,” read “Schrieke,” 

p. 603, n. 27,1. 2: for “Testa-ment” read “Testament” 
p. 605: header should read “CONCLUDING REMARKS” 

* p. 607, ad 5.3: read “al-zahira” 

* p. 665, n. 13,1. 2: for “treaties” read “treatises” 

+ p. 697, caption to Figs. 9.2a-c, 1. 3 from bottom: insert “ } ” before full stop 
p. 788, n. 9,1. 1: for “al-Amlrujya” read “al-Amlriyya” 
p. 834,1. 2: read “central” 

+ p. 861: a colour image such as appeared on the jacket of the book was not available for the text 
of the book: see the note to p. 872 

* p. 894, 8 1. from bottom: for X-4.8 read XIIIa-9 

+ p. 872: a colour image was used here in anticipation of the availability of a colour image for the 
illustration on p. 861 (see above), but the latter became available only in time to be used for the 
jacket 
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* p. 904: for Ibn Manlur read Ibn Manzur 

* p. 904: for al-Qasim ibn al-Hasan read Abu T-Qasim ibn Hasan. I suggest keeping the appellation 
“Ibn al-Shaddad”. 

p. 910, col. 2: for “ tadil-i al-zuhr ” read “ tadll-i zuhr ” 

p. 922, Cambridge Browne 0.1: for “al-abarl” read “al-Tabari” 

p. 923, Escorial ar. 941: for “al-Qutrubl” read “al-Qurtubl” 

p. 926, Topkapi AIII 3515: for “Katib” read “ibn Katib Sinan” 

p. 929, Princeton Garrett Hitti 1016: for “al-Tawash” read “al-Tawashl” 

* + p. 885,1. 4: for “turkey” read “Turkey” (!). 
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Fig. 3: A request by a medieval copyist penned at the end of dozens of pages of astronomical tables. It translates 
more or less as: “If you find a mistake, (please) fix it.” [From MS Dublin CB 3673 of the Cairo corpus of tables 
for timekeeping; courtesy of the Chester Beatty Library.] 


The reader who finds other errors in these two volumes is requested to follow the injunction of a 
medieval Egyptian copyist illustrated in Fig. 3. 




